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UNDERGRADUATE SYMPOSIUM ABSTRACTS
CELLULAR AND MOLECULAR
BIOLOGY

the expression of genes encoding molecules that
mediate interactions between mast cells and painsensing neurons in chronic allergen-challenged skin.

RANDOM TRANSPOSON MUTAGENESIS
REVEALS GENE FUNCTIONS IN
Chromobacterium violaceum
Hayat Ahmed, Alejandra Justo, Paul Melchior (CoAdvisor), and Tamara Mans (Co-Advisor)
Department of Biochemistry
Minnesota State University Moorhead – Twin Cities
Campus, Brooklyn Park, MN

MITOCHONDRIAL FUNCTIONALITY ASSAYS
TO INVESTIGATE EFFECTS OF MUTATION
ACCUMULATION ON LINEAGES OF A
FRESHWATER SNAIL
Megan Beetch and Dr. Jennifer Cruise (Advisor)
Department of Biology
University of St. Thomas, St. Paul, MN
Increased mutation burden in the mitochondrial
genomes of asexual lineages of Potamopyrgus
antipodarum may at least partly explain the success of
sexual forms, despite evolutionary costs (Neiman,
2010). Our previous experiments found lineage-specific
differences in mitochondrial charge gradient strengths,
indicating a genetic basis for the observed variation. To
explore this hypothesis, we performed additional assays
to examine other aspects of mitochondrial physiology.
In MTT-reduction assays of isolated snail mitochondria,
electrons from the electron transport chain (ETC)
reduce
MTT,
(3-(4,5-dimethylthizol-2-yl)
diphenyltetrazolium bromide), quantified as A570/ug
mitochondrial protein, showing us how well the ETC is
functioning. Pyruvate from glycolysis appears in the
cytoplasm. In snail preps with poorer-functioning
mitochondria, if pyruvate transport is held constant, we
expected pyruvate to be converted to lactate and to
build up in the cytoplasm, rather than entering into the
citric acid cycle in the mitochondria. We used an
enzymatic assay to measure lactate/ug cytoplasmic
protein. MTT reduction appears less sensitive than our
measures of charge gradient strength, but the measures
appear significantly correlated. Lactate results have not
been so clear-cut. Sexual lineages hint at a negative
correlation with both previous assays, but not across all
lineage groups. Investigation of other energy storage
forms is planned.

Biologists doing functional genomics use experimental
approaches to interpret the vast amount of genomic
information in databases. We are studying the genetic
basis of aspartate metabolism in the bacterium
Chromobacterium violaceum. A transposon was used to
generate a large library of C. violaceum mutants.
Growth on selective media was used to screen mutants
for the loss of aspartate biosynthesis. The organisms’
genomic DNA was extracted, and fragments of DNA
carrying the mutagenic transposon, plus the surrounding
C. violaceum DNA, was cloned into a host organism,
and sequenced. The DNA sequence will be compared to
those in Genbank; the gene will be identified and its
annotation will be examined. The annotation, which
was hypothesized gene function, can be supported or
adjusted in light of experimental results.
CHRONIC ALLERGEN CHALLENGE
PROVOKES PERSISTENT VULVAR PAIN IN
MICE
Alyssa Ashbaugh, Tijana Martinov, and Dr. Devavani
Chatterjea (Advisor)
Department of Biology
Macalester College, St. Paul, MN
We have established a mouse model of allergyassociated chronic pain induced by contact
hypersensitivity to the model irritant oxazolone.
Oxazolone-sensitized female ND4 mice are challenged
10 times daily on the labia and exhibit vulvar tactile
sensitivity for up to 12 days after the 10th allergen
challenge. Inflammatory cytokine transcripts are
upregulated at 24 hours after the first challenge and are
reduced to near baseline levels by 24 hours after the
10th challenge. The persistence of pain beyond the
resolution of overt inflammation mimics the clinical
syndrome of vulvodynia, a subset of which has been
epidemiologically associated with a history of allergic
diseases. In our ongoing studies, we are characterizing

FUNCTIONAL ANALYSES OF TIGER
SALAMANDER (Ambystoma tigrinum)
HEMOGLOBIN
Cody Benedict, Erica Eischens, Jorge Polanco, Noah
Anderson, Amy Runck (Advisor)
Department of Biology
Winona State University, Winona, MN
Salamanders start their life cycle as an external egg
whereupon they develop into a larval form, and will
undergo a metamorphosis that changes them into a
terrestrial adult. The eastern tiger salamander
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(Ambystoma tigrinum) features a relatively rare trait
among salamanders, as it can become an adult without
going through metamorphosis. Instead these aquatic
adults, known as neotenes, maintain larval
characteristics such as external gills and finned tails.
These two forms of adult salamanders will experience
differences in oxygen availability and, as such, may
express different forms of hemoglobin suited to each
environment. As hemoglobin genes are members of
gene families (a-globin and b-globin), differential
expression of globin paralogs may allow the same
species to survive under a variety of conditions by
switching what genes are activated, along with the
amount of product that will be produced. Salamander
blood was collected during the fall and late winter, and
the hemoglobin was isolated and analyzed. Isoelectric
focusing (IEF) was used to separate out the different
hemoglobin isoforms in order to determine what
globins were produced, along with their relative
abundance. The O2-binding affinities of the blood at
different oxygen saturations were determined using a
Hemox Analyzer. Together, these results provided
insight into the composition of the hemoglobin protein
tetramer, along with how the hemoglobin composition
affects the oxygen affinity.

SignalP led us to conclude that the computer-generated
annotation of this gene was incorrect and this gene is
more likely to be an aminopeptidase. This study
demonstrates the importance of performing manual
annotation and functional studies of genes identified in
genome-sequencing projects.
THE DIVERSITY OF TERPENE SYNTHASE
ENZYMES IN Fusarium graminearum
Valeriu Bortnov, Christopher Flynn, and Claudia
Schmidt-Dannert (Advisor)
Department of Biochemistry
University of Minnesota–Twin Cities, Minneapolis, MN
Fusarium graminearum is a fungal plant pathogen that
has caused billions of dollars in crop losses, especially
wheat and barley, in North America over the previous
two decades. F. graminearum damage is known to be
dependent
on
production
of
trichothecene
sesquiterpenoids, which are toxic to both the infected
plant host and livestock or humans that consume
infected grains. As a result, determining the mechanism
of F. graminearum pathogenicity is an important aspect
of ensuring a safe food supply. The first step in
trichothecene biosynthesis is catalyzed by trichodiene
synthase (Tri5). While the role of trichothecenes in
phytotoxicity is known, here we demonstrate that this
fungus
produces
several
non-trichothecene
sesquiterpenes when Tri5 expression is induced.
However, the role these sesquiterpenes play in
pathogenesis, if any, is currently unknown. Genomic
analysis revealed F. graminearum contains eight
putative sesquiterpene synthases. We set out to
determine whether these non-trichodiene sesquiterpenes
are produced as co-products of Tri5, or by as-of-yet
unidentified and co-expressed sesquiterpene synthases.
As a first step, the tri5 gene was cloned from F.
graminearum cDNA, expressed in E. coli, and shown to
produce primarily trichodiene. This finding suggests
that non-Tri5 sesquiterpene synthases are specifically
co-expressed with Tri5 under pathogenic conditions.
Future work will require isolation of these enzymes and
identification of the sesquiterpene products, and
determination of the effect these enzymes may have on
plant pathogenesis by F. graminearum through specific
deletion of each sesquiterpene synthase.

FUNCTIONAL ANALYSIS OF A PROPOSED
CELLULASE GENE IN Cellulophaga lytica
Rachel A. Blesi, Trevor J. Diercks, and Joanna R. Klein
(Advisor)
Department of Biology
University of Northwestern, St. Paul, MN
The gram-negative marine bacterium Cellulophaga
lytica was first isolated and characterized in 1969 and
its complete genome sequence was published in 2011. It
produces many extracellular enzymes that degrade
proteins and carbohydrates. For example, C. lytica
degrades the cellulose derivative carboxymethyl
cellulose (CMC). Plant cell walls are rich in cellulose
and are a source of raw material for biofuel production;
the use of microbial enzymes in this process has huge
potential. Three potential cellulase genes are present in
the genome of C. lytica, as predicted by computergenerated annotation of the genome. We have sought to
characterize one of these genes (IMG gene ID:
649969366) in further detail. To determine if it is a
functional cellulase, we cloned gene 649969366 into the
pBAD-TOPO TA cloning vector and expressed it in
Escherichia coli. E. coli is naturally non-cellulolytic
and has been shown to degrade cellulose-containing
material upon introduction of a cellulase. However,
gene 649969366 from C. lytica did not confer cellulose
degradation upon E. coli in a Congo-red agar plate
assay. Further analysis of the gene sequence by
bioinformatics programs such as BLAST, Pfam, and

IDENTIFICATION OF A CELLULOSEDEGRADING ENZYME IN Cellulophaga lytica
Caitlind R. DeBoer, Anna K. Kloster, and Joanna R.
Klein (Advisor)
Department of Biology
University of Northwestern, St. Paul, MN
Cellulophaga lytica is a poorly understood, gramnegative marine bacterium isolated from the beach mud
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of Limon, Costa Rica. C. lytica was initially discovered
in 1969 and was found to have the function of
depolymerization of carboxymethyl cellulose. The
genome was sequenced in 2011, and the computergenerated annotation of the genome predicts that C.
lytica contains three cellulase genes. In our study, we
have characterized one of these genes (IMG gene ID:
649970038) in further detail. Our manual annotation,
using a variety of bioinformatics programs, supported
the hypothesis that this gene is a cellulase. To further
test this hypothesis, we expressed the gene in the noncellulose-degrading bacteriu, E. coli and found that the
gene was functional as a cellulose-degrading enzyme.
This research has implications for providing more
efficient and cost-effective biofuel production.

mammalian subjects, yet, in this project, it is predicted
to show that X. laevis can also be utilized to study early
lung development as it has been seen to have similar
genetic pathways for lung maturation (Rankin et al.
2012). The methods used to positively show early
developmental pathways of the frog lung will be
through the overexpression of the gene Fgf10 via a heat
shock treatment. It is suspected that if levels of Fgf10
are increased, an analysis of its downstream effects on
lung specific genes can be studied. Three groups, each
group consisting of at least 30 fertilized embryos, were
prepared. They were heat shocked and allowed to
develop. The treatment group was pHSxFgf10HSG2injected embryos and the gene control group was
embryos injected with pHSHSG2. Uninjected embryos
served as the heat shock control group. Dual control
groups helped identify whether changes in embryo
development were due to extra DNA or due to heat
shock treatments. At stage 40, the RNA was extracted
from embryo expressing high levels of green
fluorescent protein (GFP) and synthesized into cDNA.
The expression of Fgf10 and other lung-specific genes
were quantified using real-time polymerase chain
reaction (qPCR) in order to test the downstream effects
of overexpressing Fgf10 in Xenopus laevis. The results
for the full project pathway have yet to be determined.
However, an important connection was made that
confirmed heat shock strategy. Through the
methodology explained above, a correlation was made
between the ranking of GFP expression and the
quantifiable amount of Fgf10 expressed in the embryos.
The highest level of GFP expression (+++) produced
the highest amount of Fgf10. The heat shock vector
methodology was fine-tuned and replicated for the rest
of the tests. An important step, therefore, was
concluded in deciding which embryo to be testing for
downstream products and further genetic pathway
research.

SUPRAMOLECULAR GUANINE-RICH
QUADRUPLEXES AND THEIR TRANSFECTION
INTO MAMMALIAN CELLS
Evan A. Eklund and Thomas C. Marsh (Advisor)
Department of Chemistry
University of St. Thomas, St. Paul, MN
Guanine-rich sequences in genomic DNA can adopt
quadruple helical structures, known as G-DNA, that are
associated with the maintenance of chromosomal
stability. G-DNA forming sequences are located at the
telomere as well as proximal to promoters of known
oncogenes. The presence of G-DNA in these locations
interferes with neoplastic transformation. The potential
for G-DNA stabilization to serve as an anti-proliferative
mechanism is of great interest. The worked described
here utilizes a supramolecular G-DNA (G-wire) that is
self-assembled from a guanine rich oligonucleotide
(GRO) as a potential decoy molecule that would disrupt
normal cell function. G-wires possess nanoscaffolding
properties that allow for external modification and the
creation of potential novel carrier molecules. Recently,
the conditions for introducing G-wires into a
mammalian cancer cell line have been identified.
Current work is underway to quantify the cellular
uptake, dispersion, and proliferative response of
effected cells.

THE EFFECTS OF TADPOLE MADTOM TOXIN
ON TUMOR NECROSIS FACTOR ALPHA
PRODUCTION BY RAW264.7 MURINE
MACROPHAGE CELLS
Anthony Garoutte and Dr. Jeanne Minnerath (Advisor)
Department of Biology
St. Mary’s University of Minnesota, Winona, MN

EXAMINATION OF THE EFFECTS OF FGF10
OVEREXPRESSION ON THE DEVELOPMENT
OF THE LUNG IN THE FROG Xenopus laevis
Anna Fuglestad and Brian Hyatt (Advisor)
Department of Biological Sciences
Bethel University, St. Paul, MN

The tadpole madtom, Noturus gyrinus, is a fish found in
the freshwaters of North America. This fish produces a
toxin that is predominantly associated with its pectoral
and dorsal fins. The toxin is believed to be a defense
mechanism against predators. Previous research has
shown that injection of the toxin in mice induces an
inflammatory response at the site of toxin injection,
including an influx of macrophage cells. The purpose of
the present study was to more specifically analyze the

The lung is a complex organ with extensive patterning
and design necessary in order for proper gas exchange
to occur and life to be supported; thus, the aim of this
project to show that the frog Xenopus laevis can be used
to study this vital system. Most studies are done on
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effects of tadpole madtom toxin on macrophage cells,
particularly their production of the pro-inflammatory
cytokine, tumor necrosis factor alpha (TNF-α). To do
this, murine macrophage cells, RAW264.7 cells, were
incubated with pectoral/dorsal fin extract (toxin extract)
or caudal fin extract (control extract). At 24 hours poststimulation, cells were counted, and TNF-α levels were
measured. Results indicated that at 1, 10, and 100
µg/mL neither fin extract (toxin or control) appeared to
affect cell viability. However, RAW264.7 cells
incubated with 100 µg/mL control or toxin extract
produced significantly greater amounts of TNF-α
compared to RAW264.7 cells incubated without fin
extract. Moreover, RAW264.7 cells incubated with
toxin extract produced significantly greater amounts of
TNF-α than did cells incubated with control extract.
These results would suggest that some molecule present
in tadpole madtom fin tissue induces pro-inflammatory
cytokine production by murine macrophage cells. This
molecule also appears to be present in greater
concentrations in the pectoral/dorsal fin tissue than in
the caudal fin tissue.

burgdorferi in the three different recovered forms of
each blood sample.
VERG EXPRESSION IN THE LIVER OF Mus
musculus EXPOSED CHRONICALLY TO
ATRAZINE
Kristen Gustafson and Debra Martin (Advisor)
Department of Biology
St. Mary’s University of Minnesota, Winona, MN
Atrazine (ATR) is a triazine herbicide that is abundantly
used in the Midwest to protect against broad leaf, dicot
weeds. With its excessive use, it has been shown to seep
into the watershed and potentially drinking water. The
Environmental Protection Agency (EPA) has claimed 3
ppb to be safe; however, studies have shown that in the
Midwest, levels have exceeded this amount. ATR has
been linked to many health problems including birth
defects, changes in weight, and the immune system
impairment. The purpose of this study was to determine
if mice that were exposed chronically to atrazine would
show changes in weight and pack cell volume (PCV), as
well as expression of VEGF-β. VEGF- β is a growth
factor that has shown many different cellular functions
including inhibition of growth, and increase lipid uptake
in muscles. Female and male mice were exposed to
different levels of ATR (0, 3, and 30 ppb) in their
drinking water over a 132-week span. Weights and
PCV were measured every two weeks and VEGF-β
gene expression in liver tissue was determined by
Immunoblot Analysis. Statistical analysis concluded
that there was no significant difference between the
three groups when comparing overall weight, % fat pad
weight, and PCV. VEGF-β expression will be
discussed.

THE COMPARISON AND INTERPRETATION
OF THE SEROPREVELANCE OF Borrelia
burgdorferi ANTIBODIES IN DILUTIONS OF
BOVINE SERUM SAMPLES
Alberta M. Gittens and Randy Krainock (Advisor)
Department of Biology
St. Mary’s University of Minnesota, Winona, MN
Borrelia burgdorferi is the bacterium responsible for
the most common tick-borne illness in the United
States, Lyme disease. Transmission by the black-legged
deer tick, Ixodes scapularis, makes this disease easy to
contract in areas near heavy forestation. Antibodies in
response to these bacteria can be measured in bodily
fluids such as blood serum. Because of the
inconsistency of clinical symptoms, this method of
serological testing is used for a more accurate diagnosis
of Lyme disease. In order to determine the
seroprevelance of B. burgdorferi, bovine serum samples
were collected from farms surrounding Lewiston, MN,
and applied to an ELISA specific for detection of Lyme
disease. Each frozen sample was first thawed and
applied to the ELISA as whole blood. Next, serum from
each sample was collected after centrifugation and
applied to another ELISA. Finally, the pellet created
from the first centrifugation was washed with saline and
centrifuged; the resulting supernatant was applied to yet
another ELISA. Results from all three assays were
compared in order to determine which method of frozen
sample recovery provided the most significant ELISA
results. An ANOVA test was performed in order to
detect any correlation between the amounts of B.

ADAPTIVE CHANGES IN HEMOGLOBIN IN
THE AFRICAN SPURRED TORTOISE AND
PAINTED TURTLE
Audra R. Harvey, Erin M. Liepold, and Dr. Amy Runck
(Advisor)
Department of Biology
Winona State University, Winona, MN
Through evolution, hemoglobin oxygen affinity has
been altered in species that live in different
environments. Hemoglobin is the blood protein that
carries O2 from the lungs to the tissues, and returns CO2
(from the tissues) to the lungs. Members of the family
Testudinidae (turtles and tortoises) live under different
environmental conditions and thus experience different
oxygen levels. The hemoglobin of adult turtles is
composed of α- globin (alpha-D and alpha-A) and βglobin. For this research, hemoglobin of the terrestrial
African spurred tortoise (Geochelone sulcata) and the
aquatic painted turtle (Chrysemys picta) were analyzed.
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The African spurred tortoise lives in the hot, arid
environments such as the Sahara, while the painted
turtle live in calm freshwater environments, with muddy
water bottoms. Analyses of the hemoglobin proteins
were done through reverse-transcriptase polymerase
chain reaction (RT-PCR) using primers designed for
turtle globin genes. PCR products were then cloned and
grown on selective media, and sequenced. Sequences
were translated into amino acids and analyses were
conducted to determine if differences in particular
amino acid residues could be important in affecting the
oxygen affinity of the hemoglobin protein.

religious offerings, and collect water for ritual use.
Many people drink, bathe with, or otherwise utilize
water from these wells because of its purported healing
powers. However, these typically unprotected wells are
often located close to numerous sources of
contamination, which thus makes them potential
transmission sites for waterborne diseases. In this study,
we analyzed water from Irish holy wells for
contamination with typical waterborne pathogens. Well
water samples from thirty-five frequently visited holy
wells in seven western counties in the Republic of
Ireland were collected between September and
November, 2013. Each sample was filtered (0.45 µm) to
collect microbial cells and cysts, from which total
genomic DNA was extracted. Real-time quantitative
PCR was used to assess each well sample for the
presence and quantity of the beta-D-Glucuronidase
(uidA) gene sequence of Escherichia coli, which was
employed as an indicator of fecal contamination. All
samples that tested positive for uidA were subsequently
screened with primer sets for the genus, species, or
strain-specific virulence factors of eighteen eukaryotic
(e.g. Giardia lamblia, Cryptosporidium parvum., etc.,)
and prokaryotic (Escherichia coli 0157:H7, Shigella
sp., Salmonella sp., Clostridium difficile, etc.)
waterborne pathogens. Amplicons from positive
samples were sequenced to confirm pathogen identity.

TESTING Chromobacterium violaceum GENE
FUNCTION THROUGH RANDOM
TRANSPOSON MUTAGENESIS
Ryan Jedlicka, Cassandra Mondshane, Paul Melchior
(Co-Advisor), and Tamara L. Mans (Co-Advisor)
Department of Biochemistry
Minnesota State University Moorhead – Twin Cities
Campus, Brooklyn Park, MN
Chromobacterium violaceum is a gram-negative,
facultatively anaerobic, β-proteobacterium known for
its purple pigment (violacein) and adaptability to a wide
variety of environmental conditions. The full genome of
C. violaceum has been sequenced, but few functional
tests have been performed to confirm the purported
function of the genes. The function of metabolic genes
was tested in random mutants that were generated by
conjugating C. violaceum strain ATCC 12472 with the
transposon-carrying Escherichia coli pRL27. Mutants
were grown on Luria Broth agar (LB) and on minimal
media (M9). Mutants that grew on LB but not M9 were
identified as potential knock-outs synthesis of an
essential amino acid. Specific amino acid metabolism
mutations were confirmed by growth on amino acid
pool plates. Transposon-interrupted genes from these
metabolic mutants were then amplified, sequenced, and
analyzed to identify and confirm gene identity and
function.

USING CRY AND PER CO-LOCALIZATION TO
MAP CRY’S PER BINDING SURFACE
Monica E. Johnson and Dr. Karla E. Marz (Advisor)
Department of Biology
Gustavus Adolphus College, St. Peter, MN
Cryptochrome and Period, or CRY and PER, are two
proteins that have essential roles in circadian rhythms,
repeating 24-hour biological cycles that are entrained
by environmental ques. Learning what surface of CRY
binds to PER improves understanding of the molecular
level of the circadian rhythm. This knowledge gives
clues about these proteins’ functions, as well as what
surfaces are available to bind with other proteins
involved. In HEK293 cells, our experimental system,
CRY is found in the nucleus, and a PER protein missing
a portion at its N terminus is located in the nucleus and
cytoplasm. When both are present in a cell, both are in
the nucleus together, indicating that CRY binding to
PER shifts PER’s location to the nucleus. We expressed
wild-type and mutant CRYs (which had amino acids on
their surface changed) with PER in cells, and then
determined their locations using antibodies, two of them
tagged with fluorophores, and fluorescence microscopy.
Most of the mutations tested had no effect on the
location of PER, some had small effects, and one had a
large effect. Based on which mutations on the surface of
CRY affected co-localization with PER, it can be

MOLECULAR DETECTION AND POPULATION
DENSITY QUANTIFICATION OF
WATERBORNE PATHOGENS IN IRISH HOLY
WELLS BY REAL-TIME QPCR
Maija Jedynak, Jonathan Choi, Sophia Tracy, Kelly
McCullum, Spencer Tye, and Paul Melchior (Advisor)
Department of Biology
North Hennepin Community College, Brooklyn Park,
MN
The Republic of Ireland has several hundred venerated
water wells scattered throughout the country. These
wells are considered holy, and each year thousands of
tourists and Irish citizens visit these sites to pray, make
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interpreted a large area on the surface of CRY binds
PER.

repeats can silence the expression of any endogenous
gene sharing a similar sequence through a process
known as cosuppression. Previous research has found
that cosuppression and RNA interference (RNAi) are
distinct processes that share molecular machinery,
including the genes mut-16 and pgl-1. We have been
screening for additional genes required for silencing of
germline cosuppression using a genetically engineered
model of Caenorhabditis elegans. This strain of C.
elegans contains a single copy of gfp driven by a
germline promoter; in addition it contains a repetitive
array of truncated gfp sequences integrated into a
different chromosome. The strain exhibits a
cosuppression phenotype in which the single-copy gfp
gene is silenced by the presence of the repetitive array.
We used RNAi knockdown assays to test the
requirement of candidate genes for maintenance of this
form of gene silencing; loss of activity of required
genes resulted in the re-expression of the single-copy
gfp gene in the germ line of adult animals. We found
that the nuclear RNAi defective-2 (nrde-2) and heritable
RNAi defective-1 (hrde-1) genes are also essential
components of the cosuppression pathway, indicating
that some elements of nuclear RNAi machinery also
operate in cosuppression. This result suggests that RNA
synthesis of the “silent” gene is initiated but then halted
during elongation.

THE ROLE OF NOTCH SIGNALING IN
PRODUCTION OF MIDBRAIN DOPAMINERGIC
NEURONS
Lindsey Lee1,2, Ryan Hillmer2, Monica Schmidt2, and
Milan Joksimovic2
1
Department of Biology, St. Olaf College, Northfield,
MN
2
Department of Cell Biology, Neurobiology, and
Anatomy, Medical College of Wisconsin, Milwaukee,
WI
Notch signaling is a pathway involved in proliferation
and cell fate specification during embryogenesis
inclusive of mDA neuron development. Following
activation by ligands, the Notch intracellular domain
(NICD) is released. Notch signaling has been shown to
act through two independent pathways once the NICD
is released. In the first pathway, the NICD forms a
signaling complex with recombination signal binding
protein for immunoglobulin kappa J region (RBPJκ) to
activate transcription of Notch target genes. The second
pathway is independent of RBPJκ binding. This study
used genetic strategies to enhance or delete components
of the Notch signaling pathway in mice. To address the
status of mDA neurogenesis in these mutant mice,
immunofluorescent labeling was performed in the
ventral midbrain using antibodies against markers of
mDA neurons. Stabilization of NICD resulted in a
nearly complete loss of mDA neurons, suggesting that
Notch signaling is a negative regulator of dopaminergic
cell fate. When the stabilized NICD mouse line was
crossed with an RBPJκ knockout mouse line, mDA
neurons were partially rescued in the double mutant
progeny. This result indicates that Notch signaling
negatively regulates mDA neurogenesis primarily
through the RBPJκ-dependent pathway. Surprisingly,
however, the RBPJκ knockout alone had fewer mDA
neurons than the control mice. This reduction of mDA
neurons in the RBPJκ knockout might result from
premature exit of the cell cycle by mDA progenitors. In
sum, these data indicate that precise timing and levels
of RBPJκ-dependent Notch signaling are required for
appropriate numbers of mDA neurons to be generated
in development.

THE EFFECT OF Xer81 OVEREXPRESSION ON
SURFACTANT PROTEIN C LEVELS IN Xenopus
laevis
Katie Morris and Brian A. Hyatt (Advisor)
Department of Biology
Bethel University, St Paul, MN
Lung development is a complicated process that is
coordinated by various genes and their respective
proteins. In order to achieve the characteristic branching
pattern of the lungs, it is essential that the developing
tissues receive the proper cues. Without the necessary
proteins, certain deficiencies, and even death, can
result. One of the major proteins involved in the process
is Surfactant Protein C (SP-C), which is responsible for
creating the optimal surface tension in the lungs. Along
with surfactant, there is also an increased amount of
cadherins present in the developing lungs. While not
much is known about Er81, it has been found that a
misexpression can result in an ectopic expression of
cadherins. This suggests there could be a connection to
lung development. This study aims to investigate the
effects of Er81 on lung development by analyzing SP-C
levels in a model organism, the frog Xenopus laevis. To
do this, Xer81 will be overexpressed in the developing
embryos using heat shock promoters. At stage 43, once
initial lung development has begun, Real-Time PCR
will be used to determine relative SP-C expression

GENES REQUIRED FOR GERMLINE
COSUPRESSION IN Chaenorhabditis elegans
Nicole Miller and Mary K. Montgomery (Advisor)
Department of Biology
Macalester College, St. Paul, MN
Repetitive DNA is frequently “silenced” through
repressive mechanisms; moreover, the presence of the
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levels, which is indicative of lung development. By
comparing the respective expression levels between
treatment groups, the effects of Xer81 overexpression
on lung development will be investigated, and the
results will be presented at the Winchell Undergraduate
Research Symposium.

Specifically, we analyzed through qPCR the outcome of
embryos injected with expression vectors containing the
Sox2 gene following a heat shock promoter so
expression could be regulated. The results of this study
will be presented at the Annual Meeting & Winchell
Undergraduate Research Symposium and may play a
role in developing a more comprehensive understanding
of lung morphogenesis.

THE EFFECTS OF DIETING ON CORTISOL
PRODUCTION IN Mus musculus
Lisa U. Obasi and Randy Krainock (Advisor)
Department of Biological Sciences
St. Mary’s University of Minnesota, Winona, MN

ANALYSIS OF GENE FUNCTION IN
Chromobacterium violeceum RANDOM
TRANSPOSON MUTAGENESIS
Andrew Schmidt, Merlinda Yang, Paul Melchior
(Advisor) and Tamara L. Mans (Advisor)
Department of Biosciences
Minnesota State University Moorhead--Twin Cities
Campus, Brooklyn Park, MN

Dieting has been a strategy for weight control ingrained
in the western culture. Research has shown that diet and
dieting can influence the hormone production in the
body. Cortisol is a hormone that is released from the
adrenal cortex when the body is under stress. Dieting as
a form of stress may lead the production of cortisol.
Exposure to prolonged elevated cortisol levels has been
linked to adverse changes in blood pressure, glucose
metabolism, and immune response. Twenty female CD1 mice (Mus musculus) were fed a high-protein diet, a
high-carbohydrate diet, a western-style diet, or a control
diet for two months. Blood serum samples were taken
before the mice began the diet and after the trial was
completed for cortisol analysis. The food intake and
body weight were monitored during the trial. The
results of a cortisol ELISA assay and the diets’ effect on
the food intake and body weight will be presented

We used functional experiments and random transposon
mutagenesis to analyze the purported function of
individual genes of the bacterium Chromobacterium
violaceum. Currently, genomes are analyzed and the
functions of genes are hypothesized based on homology
with genes already in a database. These purported
functions are often uploaded to databases before
experimental confirmation. We have generated mutants
of C. violaceum through random transposon
mutagenesis. In this process, transposons are inserted
into the bacterial genome, interrupting the function of a
random gene. This gene is then extracted, amplifed, and
sequenced. Sequences were then compared with
homologous annotated genes from online databases to
determine gene identity and purported function. Finally,
the function of the interrupted gene was assessed by
growing the mutant on selective minimal media.

THE EFFECTS OF Sox2 OVEREXPRESSION ON
PROTEIN SP-C IN Xenopus laevis LUNG
DEVELOPMENT
Lisa M. Ohden and Brian A. Hyatt (Advisor)
Department of Biology
Bethel University, St Paul, MN

TESTING Chromobacterium violaceum GENE
FUNCTION THROUGH RANDOM
TRANSPOSON MUTAGENESIS
Derek Schwab, Paul Melchior (Advisor), and Tamara L.
Mans (Advisor)
Department of Biosciences
Minnesota State University Moorhead – Twin Cities
Campus, Brooklyn Park, MN

The Sox gene family is among transcription factors that
play a role in lung morphogenesis. Specifically, Sox2
maintains a significant responsibility in the
differentiation of cells during embryogenesis. Although
some research has been conducted regarding normal
expression of Sox2 in mammalian tissue, little is known
about the effects of overexpression of the gene on
surfactant protein levels within the lung. The frog
Xenopus laevis serves as an excellent model for
surfactant protein gene expression study as they not
only house the surfactant genes but also limit them to
the lungs, making those proteins excellent biomarkers
for lung development. To gain greater insight into the
consequences of gene overexpression in lung
morphogenesis, we conducted a study to pinpoint the
impact of an overexpression of Sox2 on lung
development in X. laevis through the measurement of
surfactant protein C (SP-C) gene expression.

Chromobacterium violaceum is a purple-pigmented soil
bacterium. Though its full genome was sequenced in
2003, many of its annotated genes have not yet been
functionally tested. I am experimentally testing the
hypothesized functions of these genes by determining
phenotypes
of
mutants.
Random
transposon
mutagenesis was used to create auxotrophic mutants.
Metabolic mutants were screened by replica plating on
minimal and complete media. The specific functions of
disrupted genes will be determined by plating
individual auxotrophs on various nutrient-supplemented
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plates. We can extract, circularize, clone, and sequence
sections of DNA from the mutants to detect the C.
violaceum gene sequences alongside the transposons.
The pRL27 transposon has been designed to carry an
origin of replication so that circularized sections of
DNA with the transposon can be replicated in E. coli.
When we compare our sequence data with the
databases, annotated genes will be identified, with
potential functions. The mutant phenotypes will be
compared to hypotheses in the database annotations,
and these annotations can be supported or adjusted
based on experimental data.

THE IMPACT OF CHRONIC EXPOSURE TO
ATRAZINE ON PCV, CELL SIZE, AND SHAPE
IN CHICKENS AND PHEASANTS
Kristen Thelen1, Kathelin Keck1, Michelle Hermes2,
Keith Fahrfoth1, Adam Lindsay1 and Debra Martin1
(
Advisor)
1
Department of Biology and 2Department of Chemistry
St. Mary’s University of Minnesota, Winona, MN
Atrazine (ATR) is a very common herbicide that is used
in the United States and throughout the world. This
research was performed in order to investigate affects
on the hematopoietic system of Gallus gallus (chicken)
and Phasianus colchicu (pheasant) that have been
chronically exposed to varying concentrations ATR at
different times in development. This was done by
measuring the packed cell volume (PCV) and analysis
of blood smears for RBC size and shape. When tested
on in ovo development of chickens, four groups were
injected with their respective treatment–0 ppb, 1.1 ppb,
11 ppb, and 111 ppb–at the beginning of incubation.
Analysis showed that PCV decreased significantly with
increased levels of ATR. The effects of chronic ATR
exposure (0 ppb, 30 ppb, and 300 ppb in the water for
three weeks post-hatching) of chickens or pheasant
were also investigated. It was found that the PVC
significantly decreased as the concentration of ATR
increased. This decrease could be because of fewer red
blood cells (RBC) or smaller RBC. Blood smears were
analyzed and a trend of decreased cell size for the 300ppb treatment group in comparison with the control
treatment group was found. Percentage of cell-shape
abnormalities including cellular blebs, spheres, and
pear-shaped and notched nucleated cells were
determined and were not found to be significantly
different between treatment groups.

CUTANEOUS HYPERINNERVATION AND
MAST CELL ACCUMULATION ACCOMPANY
PERSISTENT VULVAR SENSITIVITY
FOLLOWING REPEATED ALLERGEN
CHALLENGE IN MICE
Linnea Swanson1, Tijana Martinov1, Randy Daughters2
(Advisor), and Devavani Chatterjea1 (Advisor)
1
Department of Biology, Macalester College, St. Paul,
MN
2
Department of Biology, University of Wisconsin-Stout,
Menomonie, WI
The immune system and the central nervous system are
in close communication in physiological and
pathological states. The nerve-mast cell unit is
especially relevant in chronic pain. We have
estabslished a model of persistent vulvar pain following
repeated labiar allergenic challenges with oxazolone in
sensitized female ND4 mice. After 10 daily oxaozlone
allergen exposures to the labia, we found an increase in
calcitonin related gene peptide (CGRP) nociceptive
nerve fibers, and the hyperinnervation persisted at 17
days when pain had resolved. We also found mast cell
accumulation in the skin at the site of allergen
challenges together with a sustained increase in serum
levels of IgE, a marker for systemic mast cell
activation. Our model of vulvar hyperalgesia mimics
some of the clinical hallmarks of vulvodynia, a chronic
pain condition, a subset of which has been
epidemiologically associated with a history of allergies.
Vulvodynia patients show increased innervation of the
vulvar tissue together with infiltration of mast cells. We
are currently testing characterizing the roles of
hyperinnervation and mast cell accumulation in the
increased pain sensitivity that accompanies repeated
oxazolone challenge.

THE EFFECTS OF in utero ATRAZINE
EXPOSURE ON THE HEMATOPOIETIC
SYSTEM AND BODY MASS IN Mus musculus
Kristen Thelen1, Katherine Stolz1, Anna Smaron1,
Jillian Martin1,2, Katie Smith1, Rebecca Snyder1,
Sabrina Larson-Bushlack2, and Debra Martin1 (Advisor)
1
Department of Biology and 2Department of Chemistry
St. Mary’s University of Minnesota, Winona, MN
Atrazine (ATR) is the most commonly used herbicide in
the United States, with more than 76 million pounds
being applied to crops per year, mostly to corn. ATR
disrupts the electronic transfer chain of photosystem II,
thus preventing the electron transfer chain from
producing ATP/NADPH, which is needed for survival.
Because of ATR’s inability to degrade when dissolved
in water, the herbicide can build up in watersheds and
other sources of water. The Environmental Protection
Agency (EPA) has set the maximum contaminant level
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for ATR at 3 ppb. Many studies have documented the
adverse effects of this herbicide. In order to determine
how ATR affects the developing hematopoietic system,
CD1 mice (Mus musculus) were exposed in utero to 0,
3, or 30 ppb of ATR, which was dissolved in the
drinking water of the pregnant mother during the entire
gestation period. Offspring weights and packed cell
volume (PCV) were recorded at set intervals. The
blood/serum collection was performed around 31-35
days postnatal (DPN) and 61-77 DPN and was tested
for red blood cell counts and erythropoietin (EPO)
levels. Meta-analysis for the three independent trials
indicated that the PCV decreased as the ATR exposure
increased, with EPO levels inversely correlating to PCV
levels. It was also observed that the percentage weight
gain was significantly higher in mice exposed to 3 and
30 ppb ATR than the control from 37 to 70 DPN.

within Fluviicola taffensis. Currently, we are attempting
to purify pyruvate kinase and examine function with
pyruvate kinase assays.

CHEMISTRY
INVESTIGATION OF EVOLUTIONARY
EVENTS IN Corynebacteriaceae BY
EXAMINATION OF PRENYLTRANSFERASES
IN Corynebacterium glutamicum
Michael D. Allen, Kacie J. Nelson, and Francis M.
Mann (Advisor)
Department of Chemistry
Winona State University, Winona, MN
Terpenoids, a class of compounds with 30,000 unique
structures, are known to include antitumor compounds,
pigments, vitamins, antibiotics, and flavor molecules.
Prenyltransferases are the primary enzymes responsible
for assembling the carbon backbone of these
compounds from five-carbon isoprene units.
Bioinformatic analysis has indicated that some
evolutionary event has resulted in the acquisition of an
additional prenyltransferase in Corynebacterium
glutamicum (C. glutamicum) compared with the
majority of the Corynebacteriaceae family. This result
suggests that C. glutamicum may produce a nonessential terpenoid compound, or secondary metabolite.
Sequencing has confirmed the successful cloning of the
aforementioned genes. Present work includes
expressing these genes in Escherichia coli, isolating the
protein product, and assessing the function in vitro. This
data will be used to expand our understanding of the
evolutionary path of C. glutamicum compared with
other members of the genus. This work will shed light
on the function of the third gene for C. glutamicum, and
will aid in understanding the role of terpenoids in the
family Corynebacteriaceae and greater Actinobacteria.

BIOINFORMATICS ANALYSIS OF THE
PREDICTED PRESENCE OF PYRUVATE
KINASE IN Fluviicola taffensis
Sara E. Watson and Ward Jones (Advisor)
Department of Biology
Viterbo University, La Crosse, WI
This study examined the proposed presence of pyruvate
kinase in a novel obligate aerobic bacterium, Fluviicola
taffensis DSM 16823. The Embden-Meyerhof-Parnas
pathway, hereinafter referred to as glycolysis, is an
essential metabolic process for all living organisms to
generate energy for cell growth, intracellular transport,
cellular signaling, and cell division. In the final step of
glycolysis, pyruvate kinase catalyzes the transfer of the
phosphoenolpyruvate (PEP) phosphate group to
adenosine diphosphate (ADP) yielding ATP and
pyruvate. Through genome sequencing, the Joint
Genome Institute (JGI) assigned potential functions to
the protein-coding genes in F. taffensis. Though the
organism is predicted to possess all the genes necessary
to transcribe the glycolysis enzymes, an inability to
hydrolyze carbohydrates, including glucose, has been
shown. Therefore, this metabolic process was
investigated in detail with proposed phenotypic
characterization. Using available bioinformatics
programs, the pyruvate kinase gene was structurally
analyzed to assess predicted function. The predicted
location, protein domains, and phylogeny were
examined, and a pyruvate kinase barrel domain and
alpha/beta sheet was predicted within the sequence.
Pyruvate kinase of F. taffensis in the Cryomorphaceae
family clustered closely with the Sphingobacteriaceae
family matching the multiple sequence alignment
(MSA) consensus results. While variation was observed
in the MSA, the residues within domains were in
agreement. Based on the results of this study, we
predict pyruvate kinase to be present and functional

DEVELOPMENT OF A HEAT TRANSFER
INQUIRY LAB FOR ALLIED HEALTH
STUDENTS
Briana M.C. Bruske and Heather M. Sklenicka
(Advisor)
Department of Chemistry
Rochester Community and Technical College,
Rochester, MN
The Allied-Health Chemistry class at Rochester
Community and Technical College (RCTC) lacked a
heat transfer lab, and needed an opportunity for students
to experience developing their own laboratory
procedure. This heat transfer lab was conducted in a
single lab day, not including pre-lab research done
outside of class. Students imagined they were opening a
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coffee shop in a busy college town, and needed to find
the most effective container to keep their customers’
coffee hot. Students were given a list of available lab
equipment to use in their experiments, and developed
their own lab procedure. Included in the materials list
were various coffee cup brands and other containers.
Students chose at least three different containers to test,
one being an open system and two being closed
systems. This lab involved minimal math, created a
framework to further explore heat transfer in higherlevel Chemistry classes, and allowed students to better
understand how research is conducted. The data from
pre- and post-lab questions, procedures that students
developed, and results for the best coffee cup will be
included in this presentation.

by their chiroptical properties, because they rotate
plane-polarized light in equal but opposite directions.
Computational quantum chemistry has given chemists
the ability to theoretically compute the optical rotation
angles of molecules. The purpose of this research is to
develop reliable computational methods which can be
used to help in the determination of the absolute
configuration of solvated chiral products. The effect of
conformational flexibility on optical rotation is also
observed. Different conformers give distinct optical
rotations. The molecule studied was (R)-3-chloro-1butene in the solvent water. The computed optical
rotations for isolated (R)-3-chloro-1-butene are
comparable to experimental values and can be used to
determine absolute configuration. The addition of 1-3
water molecules to (R)-3-chloro-1-butene changes the
computed optical rotations with no apparent pattern.

G-WIRES ARE HIGHLY RESISTANT TO A
BROAD SPECTRUM OF NUCLEASES
Ben Flood and Thomas C. Marsh (Advisor)
Department of Chemistry
University of St. Thomas, St. Paul, MN

COUPLING LEGO® BUILDING BLOCKS AND A
CELL PHONE CAMERA TO CONSTRUCT A
RELIABLE SPECTROPHOTOMETER
Andrew Francis1, Nicholas Moryn2, and Deanna
O’Donnell1 (Advisor)
Department of Chemistry
1
Hamline University, St. Paul, MN
2
University of St. Thomas, St. Paul, MN

Many guanine-rich oligonucleotides (GROs) have the
capacity to form ordered supramolecular polymers
called G-wires that may be useful in the construction of
nanometer scale materials. For a G-wire to be a useful
building material, its ordered structure should persist for
a given period of time depending on the intended
application. The research described in this poster
evaluates the stability of G-wire structures in biological
and non-biological conditions. G-DNAs, in general, are
exceptionally stable conformations of nucleic acid in
buffered aqueous environments and show resistance to
a variety of nucleases. This study shows that G-wires
are resistant to non-sequence specific nucleases
suggesting they would be stable in a cell-like
environment. This study also found that GROs adopt
higher-order structures in a deep eutectic solvent
indicating though not to the same extent as in fully
aqueous environment. Taken together, these results
show that G-wires are stable supramolecular nucleic
polymers that can be incorporated into a wide variety of
applications

The purpose of this project was to develop a reliable
spectrophotometer using LEGO® components and a cell
phone camera detector. The novelty of this work is the
integration of the LEGO® spectrometer and cell phone
detection method. These nontraditional instrument
components are inexpensive and readily available,
which if used in teaching laboratories can alleviate the
financial burden of purchasing, operating, and
maintaining a research-grade spectrophotometer at
small institutions. The optical components needed to
create this instrument were a LED light source, a
diffraction grating, a Vernier LabQuest™ and power
amplifier attachment, a double convex lens (f-value of
10.05), and an Android™ cell phone camera as the
detection method coupled with LearnLight, a free
spectrophotometric detector application. Holders for the
optical components and sample were constructed from
the LEGO® components (plates and bricks ranging in
size). An added benefit of the LEGO® scaffolding was
the ability to easily modify components and the
distances between them due to the rigid LEGO®
construction scheme. Instrument performance was
evaluated using absorbance measurements from a set of
methyl red indicator solutions. Furthermore, data
gathered on this instrument were compared with data
from a research-grade instrument and illustrated less
than 1% deviation in the molar absorptivity of methyl
red between the two instruments. Through this research,
it was demonstrated that a precise, accurate, and

THEORETICAL OPTICAL ROTATIONS FOR
ISOLATED AND EXPLICITLY SOLVATED (R)3-CHLORO-1-BUTENE
Kendra Folsom and Rollin A. King (Advisor)
Department of Chemistry
Bethel University, St. Paul, MN
Chiral molecules possess distinct mirror images, and
enantiomers are nonsuperimposable mirror images of
each other with the same chemical formula and
connectivity. However, enantiomers’ reactivity varies in
chiral environments. Enantiomers can be distinguished
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sensitive spectrophotometer can be constructed using
LEGO®s and inexpensive components and devices.

dynamic light scattering, nitrogen physisorption,
transmission electron microscopy, and powder X-ray
diffraction.

DOES CHLORINE DIOXIDE DEGRADE SULFA
DRUGS?
Janelle Jennissen and Graeme Wyllie (Advisor)
Department of Chemistry
Concordia College, Moorhead, MN

C-H ACTIVATION AT GOLD(III): SYNTHESIS
OF CHIRAL SULFONIUM SALTS
Arianna M. Kooyman and Daron E. Janzen (Advisor)
Department of Chemistry and Biochemistry
St. Catherine University, St Paul, MN

Pharmaceuticals are being discovered in increasing
volumes with bodies of water and the municipal water
supply. One example is a class of antibacterials known
as sulfa drugs. Our lab is investigating effective and
environmentally-friendly treatments to degrade this
pharmaceutical. This research focused on the oxidation
of sulfa drugs using chlorine dioxide. This is a gaseous
compound, ensuring little concern of environmental
contamination. This also required the development of
optimal reaction conditions to keep chlorine dioxide
from gassing out before the completion of reaction with
the sulfa. We found an effective system to degrade
several species of sulfa using sealed amber glass
reaction vessels, experimented at several different sulfa
to chlorine dioxide ratios. Investigation of differing
reactivities of the sulfa drugs was also conducted, along
with the initiation of byproduct identification. This
system has great potential for municipal water
treatment, allowing for further investigation into largescale reactions.

Previous research in our group has focused primarily on
the d8 metals Pd(II) and Pt(II) with the thiacrown
macrocycle
9[ane]S3
(1,4,7-trithiacyclononane).
Recently, we have explored fundamental aspects of
9[ane]S3 Au(III) chemistry. We chose to explore
Au(III) complexes because they should exhibit square
planar geometry, but Au(III) has significantly different
redox properties. Numerous unexpected reaction
products of Au(III) and 9[ane]S3 were obtained, many
of which could only be first identified by X-ray
crystallography. These structural results then allowed us
to determine a reasonable synthetic route to reproduce
these products. The 9[ane]S3 ligand was especially
remarkable because subsequent reactions of Au(III)
coordinated to a 9[ane]S3 ligand yielded unusual C-H
bond activation of the 9[ane]S3 ligand at low
temperature (50o C). The product of this activation was
a chiral sulfonium cation. We have isolated [AuCl4]and [AuCl2]- salts of the bicyclic chiral sulfonium. The
chiral sulfonium salts were characterized by 1H, 13C,and
DEPT NMR experiments, X-ray crystallography, and
elemental analysis. Similar sulfonium salts with a
different anion have been reported; however, the role of
Au(III) in their synthesis was unclear. Since we were
able to develop a rational synthesis of the chiral
sulfonium salts utilizing Au(III), we have now gone on
to monitor and quantify the reaction rate to produce the
sulfonium derived from 9[ane]S3. The mechanistic
details of these Au(III) coordination reactions with
regards to C-H activation are currently being pursued.

NOVEL FORMATION OF CORE-SHELL
NANOPARTICLES
Nathan D. Klein, Ashish Datt, Sam M. Egger, and
Christy L. Haynes (Advisor)
Department of Chemistry
University of Minnesota, Minneapolis, MN
Mesoporous silica nanoparticles have drawn
considerable attention for their applications in diverse
areas‒from biomedicine to heterogeneous catalysis. The
widespread utility of these particles has inspired
significant research into their synthesis, resulting in
tunable pore diameters and large surface areas. A
challenge remains in synthesizing mesoporous silica
with these characteristics while ensuring that the
primary particle size is under 200 nanometers, an
important property for biomedical applications. In this
research, small organic molecules have been used as
auxiliary swelling agents to obtain large pore diameters,
while maintaining a primary particle size smaller than
200 nanometers. This synthetic strategy has been
extended for the formation of core-shell nanoparticles
utilizing various metallic cores including silver (Ag)
and iron oxide (Fe3O4). Both mesoporous silica and
core-shell nanoparticles have been characterized
utilizing a range of physicochemical techniques, such as

PROTEIN CONTENT COMPARISON OF DAIRY
CHEESE AND ALLERGY-FRIENDLY
ALTERNATIVE CHEESE
Lauren E. Lahm and Dr. Ashley Mahoney (Advisor)
Department of Chemistry
Bethel University, St. Paul, MN
Due to an increase in food allergy awareness, the
demand for allergy friendly products has skyrocketed.
Dairy allergies and lactose intolerance has caused an
increase in demand for cheese products that satisfy
dairy-free diets. Most alternative options contain a high
percentage of fat with limited protein content in contrast
to natural cheeses that are good sources of protein. A
growing number of cheese alternatives made from nuts
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and soy have been created that may prove to be a good
solution to this issue. Comparisons of protein content
between traditional dairy cheese and alternative protein
cheese will be presented.

the Undergraduate Chemistry Laboratory.” After
reviewing their process for assessing existing
undergraduate
curriculum,
suggestions
were
implemented in reviewing the existing freshman-level
chemistry laboratory manual of Rochester Community
and Technical College (RCTC). After creating a tool
with which to mechanistically replicate the process of
objectively evaluating laboratory modules, it was found
that RCTC’s curriculum averaged 1.3 on a modified 3point scale, with 0 being no laboratory inquiry and 3
being a lab of high student inquiry and engagement.
With a goal of further engaging students and averaging
at the level of a 2 across laboratory curriculum, one lab
was selected and converted to a 3-level inquiry.
Analysis of the curriculum’s guided inquiry and
preliminary lab edits will be presented.

ALUMINA NANOPARTICLE SYNTHESIS FOR
SURFACE-ENHANCED INFRARED
ABSORPTION SPECTROSCOPY
Jenna Lee1,2, Rachel Mazac1, Deanna M. O’Donnell1
(Advisor), and Melissa A. Fierke1 (Advisor)
1
Hamline University, St. Paul, MN
2
Century College, White Bear Lake, MN
As surface-enhanced Raman spectroscopy (SERS)
increases in popularity for trace analysis, the limited
accessibility to Raman instrumentation must be
addressed. Here, we investigated the use of surfaceenhanced infrared absorption (SEIRA) spectroscopy as
a possible alternative to SERS, as Fourier-transform
infrared (FTIR) instrumentation tends to be more
accessible. Instead of metal nanoparticles (NPs), as are
often used in SERS, we investigated alumina (Al2O3)
NPs and their role in the surface enhancement of
organic analytes. The alumina NPs were synthesized
using an aqueous mixture of sucrose and aluminum
nitrate, which was later dehydrated and heat treated.
The size and phase of the NPs were controlled by
varying the sucrose concentration and calcination
temperature. An FTIR spectrometer with an attenuated
total reflectance (ATR) stage was used throughout the
study. Anthracene was chosen as the primary analyte
for the present study, where the intensities of the 725-,
883-, 956-, and 1147-cm–1 bands were monitored as a
function of analyte amount to quantify the
enhancement. Acetone solutions of anthracene were
added to a layer of dried NPs on the ATR crystal (63–
500 nmol anthracene added). After the acetone was
allowed to evaporate, anthracene amounts down to 125
nmol exhibited up to a 3-fold enhancement, while
smaller amounts did not exhibit enhancement.

PLANARIA: A POTENTIAL MODEL
ORGANISM FOR STUDYING THE
PHARMACOLOGY OF CONVULSANT AND
ANTICONVULSANT DRUGS
Rachel Murphy, Shruti Jagannathan, Ryan Thomas,
Briegette Nelson, and Latha Ramakrishnan (Advisor)
Department of Chemistry
St. Cloud State University, St. Cloud, MN
Planaria, non-parasitic flatworms belonging to the
phylum Platyhelminthes, have shown significant
potential as a model organism for the pharmacological
analysis of convulsant and anticonvulsant drugs.
Planaria are invertebrates that possess a bilaterally
symmetrical central nervous system as well as all of the
major neurotransmitter systems found in the vertebrate
brain. Previous research has established that planaria
display distinct, dose-dependent, planarian seizure-like
movements (pSLM) upon exposure to drugs that
positively and negatively regulate the major
neurotransmission
systems.
Picrotoxin,
a
chemoconvulsant drug, causes convulsions by
negatively modulating the chloride-ion conducting
GABAergic neurotransmission systems. Veratridine
causes convulsions by constant activation of sodium
channels. Phenytoin, an anticonvulsive drug, is known
to elicit its anticonvulsive action primarily through
voltage-gated sodium channels. Fosphenytoin, an FDAapproved prodrug of phenytoin, is expected to have the
same mechanism of action upon its metabolism to
phenytoin. The objective of this research project is to
study the dose-dependent behavioral and biochemical
pharmacological effects of phenytoin and fosphenytoin
in planaria (Dugesia tigrina) upon exposure to the
common convulsants picrotoxin and veratridine. It is
expected that picrotoxin and veratridine will elicit a
dose-dependent increase in pSLM, while phenytoin and
fosphenytoin
will
dose-dependently
decrease
picrotoxin- and veratridine-induced pSLM.

QUANTIFYING AND INCREASING GUIDED
INQUIRY IN THE INTRODUCTORY
CHEMISTRY LAB
Darren A. Miller II and Heather M. Sklenicka (Advisor)
Department of Chemistry
Rochester Community and Technical College,
Rochester, MN
There exists the view that knowledge is not built by
learning information, but by taking those new
experiences and relating them to existing knowledge.
This idea of constructivism within chemical education
is the foundation of Michael E. Fay, Nathaniel P.
Grove, Marcy Hamby Towns, and Stacey Lowery
Bretz’s article, “The Rubric to Characterize Inquiry in
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seeks to develop a new spectrophotometric method to
determine the iodine absorptivity of a sorbent by
utilizing UV-vis spectroscopy with the added benefit of
decreasing sample size and thus chemical waste. The
influence of sample mass, volume amount, pH, and
temperature on the accuracy and precision of the
method will be explored.

SYNTHESIS OF C5 AND C10
VINYLOXYBENZENE-CONTAINING
SUBSTRATES FOR THE ENZYME PROTEIN
FARNESYLTRANSFERASE
Janet Muzulu and James W. Wollack (Advisor)
Department of Chemistry and Biochemistry
St. Catherine University, St. Paul, MN

GC-MS ANALYSIS OF PHYTOSTEROL
CONTENT OF DRIED MUSHROOMS
Alix M. Overgard and Thomas W. Nalli (Advisor)
Department of Chemistry
Winona State University, Winona, MN

Protein Farnesyltransferase (PFTase) is an enzyme that
incorporates farnesyl groups into proteins and peptides
that end in a certain amino acid sequence. Previously,
non-natural substrates that could have also been
transferred by PFTase have undergone bioconjugation
reactions via copper-catalyzed click chemistry. Because
of copper’s cytotoxicity, these substrates are not
compatible with in vivo applications. Presented are two
bioorthogonal substrates that do not require the use of a
copper catalyst and they contain a vinyloxybenzene
moeity for a photoreaction on a diaryl tetrazole. Both
substrates are predicted to be PFTase substrates that
will allow for the eventual incorporation of new
properties such as fluorescence on targeted proteins.
Because many prenylated proteins are involved in
signaling processes, this has generated interest to many
researchers in protein prenyl transferases as possible
anticancer targets.

The goal of this research is to determine the phytosterol
content of dried, store-bought mushrooms and compare
the results with those previously reported for fresh
mushrooms. Ergosterol is particularly important due to
its role as a light-activated precursor of vitamin D
(vitamin D2). Dried mushrooms (Pleurotus ostreatus
and Morchella) were Soxhlet-extracted with petroleum
ether and the extracts were concentrated and then
saponified with 1M NaOH in ethanol. Extraction again
with petroleum ether was followed by drying with
sodium sulfate (Na2SO4) and derivatization as TMSethers, which were analyzed by GC-MS. It was
hypothesized that the mushroom-drying process (e.g.
sun drying vs. oven drying) could affect the phytosterol
and vitamin D2 content. Work is still in progress, but
preliminary results suggest that the dried mushrooms
analyzed have similar sterol content to fresh
mushrooms.

DEVELOPMENT OF A
SPECTROPHOTOMETRIC METHOD TO
DETERMINE THE IODINE NUMBER OF
CARBON SORBENTS
Peyton R. Nosbusch and Brandon Winters (Advisor)
Department of Chemistry
Bethel University, St Paul, MN

CHEMICAL AND BIOLOGICAL ANALYSIS OF
STEAM-DISTILLED ESSENTIAL OILS
Kendra S. Prum, Jillane R. Frederick, and Rekha
Ganaganur (Advisor)
Department of Biological Sciences
Minneapolis Community and Technical College,
Minneapolis, MN

With increased restrictions regarding the safe and
acceptable levels of emitted chemicals into the
environment there has been a growing interest in the
development of technologies to clean industrial run-off
before it enters the environment. A key product in this
arena is activated carbon; a highly porous network of
partially oxidized carbon originating from a variety of
carbon-rich sources including coal, timber, and peat.
One key metric that is assigned to activated carbon
products and used as a means to compare products of
various types and origins is their iodine absorptivity or
Iodine Number. This technique, having been developed
decades ago prior to the advent of cheap, durable
spectrophotometers is limited in its reproducibility due
to the “floating target” method that is employed to
titrimetrically determine the number of mg of iodine
absorbed per gram of sorbent. As such, repeat tests are
required until the result falls within a particular range of
acceptable values; deviation from the middle of the
range decreases accuracy of the method. This work

Essential oils are concentrated hydrophobic liquids
extracted through steam distillation that contain volatile
compounds from plants. The steam distillation process
works by heating water and allowing steam to pass
through the plant matter, which causes the vaporization
of volatile compounds found in essential oils. The
recondensation of the water in the collection vessel
forms a layer on top of the essential oil and is called a
hydrosol. Hydrosols are colloidal suspensions of
essential oils and water-soluble components derived
from the original plant matter. Historically, both
essential oils and hydrosols have been believed to
provide medicinal benefit for ailments ranging from
skin diseases to various types of cancer. More recently,
essential oils have been used in products such as
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cosmetics, natural pesticides, antimicrobial agents, and
biopolymers. In this study, the essential oils and
hydrosols were extracted from a variety of fresh and
dried plant matter through steam distillation. Post
distillation, the samples were analyzed using gas
chromatography to determine chemical composition.
The biological analysis component of this study
includes in vitro cytotoxic and cell proliferation testing
through the exposure of various concentrations of oils
and hydrosols on insect and mammalian cell lines.
Preliminary results show that Valencia orange essential
oil is cytotoxic to SF-9 (an insect cell line) in all
concentrations from 1-50 uL/mL. Valencia orange
hydrosols cause a 15-31% increase in the number of
cells per well in a concentration range from 10-20
uL/mL. Future plans include further chemical analysis
using a GC-MS, solvent extractions from hydrosols,
and antimicrobial studies.

METHODOLOGY DEVELOPMENT FOR THE
EXTRACTION AND ISOLATION OF NMETHYLCYTISINE IN Caulophyllum thalictroides
Andre Scarlato and Mitchell Maddox (Advisor)
Department of Chemistry
Bethel University, St. Paul, MN
Caulophyllum thalictroides, commonly known as blue
cohosh, is a plant root located in the northeastern region
of the United States and used as a natural medicine
supplement. Believed to induce uterine contractions
during labor, this root has been used in homeopathic
techniques for centuries, albeit little information is
known about the active agents involved in inducing
such contractions. Several members of the alkaloid
family of compounds have been previously pointed to
as the active agents within Caulophyllum thalictroides,
including N-methylcytisine, anagryine, baptifoline, and
magnafoline. As a lead discovery initiative, the
isolation of said active agents coupled with testing on
rat uterine horn tissue to measure contractile response
may shed more light on the implications of using blue
cohosh as a natural homeopathic supplement. Current
research is focused on methodology development for
the extraction and isolation of the various alkaloids,
particularly N-methylcytisine. Additionally, synthetic
N-methylcytisine has been used to develop a GC/MS
methodology, which allows for the quantification of Nmethylcytisine in crude blue cohosh extracts.
Preliminary data from physiological testing on rat
uterine horns demonstrate dose-dependent contractile
response; however, further research will be needed to
determine exact correlations as well as the biological
pathways involved in the contractile responses. This
research will not only provide greater information on
the specific chemical response to uterine contractions
from blue cohosh, but it will also pave the way for
future lead discovery processes that can use similar
methodology to extract, isolate, and quantify active
agents and relate them to known physiological
responses.

TEMPLATE DIRECTED POLYMERIZATION
VIA REDUCTIVE AMINATION OF MODIFIED
THYMINE MONOMERS
Laura Rasmussen, and Mitchell Maddox (Advisor)
Department of Chemistry
Bethel University, St. Paul, MN
DNA has been the source of inspiration for countless
research projects into synthetic DNA-like polymers.
One focus of this research has been on modified DNA
monomers and non-enzymatically controlled template
directed polymerization. Within this area one method
that has shown promise is using DNA monomers
substituted with 5’ amines and 3’ aldehydes, which can
polymerize through reductive amination using singlestranded DNA as a catalytic template. Preliminary
results with the modified thymidine were promising
with the polymerizations giving both sequence and
length specific products. However, the original
synthesis of the modified thymidine was not conducive
to the other three monomers with each attempt causing
the loss of the corresponding base. The research
reported here focuses on optimizing a new synthetic
pathway for thymidine that can then be expanded for
use with the other modified monomers. The new
pathway provides an eight step synthesis that produces
a thymidine monomer with the 5’ amine and the 3’
aldehyde while avoiding the strongly acidic steps that
degraded the other bases. Currently the reaction and
purification conditions have been completed for the first
7 steps and are being finalized for the final step. In the
next few months, the completed synthesis and the
preliminary polymerization work can be expected.

MORPHOLOGICAL CONTROL IN PECHINI
GEL SYNTHESIS: A STUDY OF POROUS
METAL OXIDES
Sammy Shaker, Stephen Rudisill, and Andreas Stein
(Advisor)
Department of Chemistry
University of Minnesota, Minneapolis, MN
New material morphologies allow materials scientists
the ability to capitalize on the specific properties of
different materials; as such, this constitutes a major area
of research in modern materials science. Among these
various material morphologies are three-dimensionally
ordered macroporous (3DOM) microspheres, as they
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exhibit a multitude of interesting mechanical properties;
however, these microspheres have only been
synthesized for cerium oxide-based systems by a facile
process. Toward this end, we attempt to generalize a
synthesis of 3DOM microspheres in ceria-based
systems using the Pechini process to other metal oxide
systems. However, because microsphere formation is
dependent upon reaching certain polymer lengths, ideal
reagent ratios used in the Pechini procedure must be
investigated beforehand. To quantify polymer lengths in
these systems, we make use of agarose gel
electrophoresis of samples against a known
microsphere-forming reagent ratio in the ceria-based
system to inform reagent ratios in the other metal
systems under investigation, namely iron(II,III) oxide,
manganese(II,III) oxide, magnesium oxide, and yttrium
oxide. In this study, we synthesized varying
compositions of these oxides using differing molar
ratios of ethylene glycol, citric acid, and metal nitrates,
and then tested the precursor solutions to assess
polymeric chain length. The results for the polymer
chain length were then used to develop new
compositions that were then viewed with scanning
electron microscopy to determine the morphology of
the composition.

crystallinity, growth rate, and grain size. The results
concluded that as concentration increased, grain size
and growth rate increased while the film became less
compact. Future studies will consist of laser
experiments to determine the efficiency of impact
ionization.
SYNTHESIS OF MODIFIED CYTIDINE FOR
TEMPLATE-DIRECTED POLYMERZATION
Aaron Sipola, and Mitchell Maddox (Advisor)
Department of Chemistry
Bethel University, St. Paul, MN
Since the discovery of DNA structure in 1953, scientists
have been working to understand the mechanisms
involved in DNA replication, specifically the reaction
kinetics. Recently, within the last 20 years, a number of
studies have investigated non-enzymatic templatedirected polymerization through modified nucleosides.
One particular method that has proved successful is
reductive amination on a DNA template. DNA-directed
reductive amination involves a two-step polymerization
reaction that includes an equilibrium imine formation
followed by the reduction to an amine. Aside from the
possible kinetic studies, amine nucleoside polymers
(ANP) provide a potential therapeutic application to
RNA silencing. Novel characteristics of the amine
polymer (i.e., the positive amine backbone) provide the
structure necessary to bypass cellular defenses, prevent
mRNA transcription, and integrate through cellular
membranes. This project details the synthesis of the
modified cytidine nucleoside required for DNAdirected polymerization. The object of this research is
to optimize the synthesis in order to efficiently create
all four modified ANP monomers. Overall, once the
synthetic work has been completed, the monomers will
be used to carry out reductive amination and study the
polymerization of these monomers.

THE AIR-FREE CHEMICAL BATH
DEPOSITION OF ZINC SULFIDE THIN FILMS
Amanda Siedschlag1, Karl Meitzner2, and Geraldine
Richmond2 (Advisor)
1
Department of Chemistry
1
Viterbo University, La Crosse, WI
2
University of Oregon, Eugene, OR
The air-free chemical bath deposition of zinc sulfide
thin films for application as absorber layers in thin-film
silicon-based solar cells is a method used to increase
their efficiency. The ZnS/Si structure is theoretically
capable of promoting impact ionization by photogenerated electrons, which would result in an internal
quantum efficiency >1 and a greater solar cell
photocurrent. The growth behavior and morphological
properties of chemical bath-deposited zinc sulfide thin
films were characterized. By varying reagent
concentrations we have observed the growth rates and
resultant film morphologies of cluster-by-cluster
growth. Dynamic light scattering (DLS) was used to
look at the different particle sizes within solution.
Scanning electron microscopy (SEM) was used to
investigate the morphology of ZnS films via surface and
cross-sectional
images.
Transmission
electron
microscope (TEM) images revealed the degree of Si
substrate oxidation and ZnS film compactness. Atomic
force microscopy (AFM) determined the roughness of
the film. Grazing incidence x-ray diffraction (GI-XRD)
was also used for determination of film structure,

TOWARDS AN INQUIRY-BASED METHOD OF
TEACHING RECRYSTALLIZATION
Bryan Smith and Heather Sklenicka (Advisor)
Department of Biology
Rochester Community and Technical College,
Rochester, MN
In Organic Chemistry, recrystallization is one of the
most useful techniques for purifying mixtures. When
this method is taught, students unfortunately often learn
recrystallization through memorization. It is hoped that
by investigating an inquiry-based recrystallization lab,
it can successfully be used to teach recrystallization in a
more interesting manner. In the lab, students measure
the solubility of benzoic acid in different mixtures of
ethanol and water. By performing the subsequent
recrystallization, students choose which mixture is the
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most suitable for the recrystallization. In addition, by
performing these experiments as Black Hills State
Chemistry Department intended them to be done, areas
of potential difficulty will be explored, and we will
have a better idea of how this lab will have to be
adapted to fit the curriculum offered to our students.
Preliminary testing of the lab along with concerns
raised will be presented.

through a commercial pitcher filter. Research is being
undertaken to find instrumentation and processes for
accurately and precisely detecting minute differences in
the phosphate content of water. When completed, this
work should allow an estimate of the health impact
caused by filtration of tap water through a commercial
pitcher filter.
SYNTHESIS OF A NORBORNENECONTAINING SUBSTRATE FOR PROTEIN
FARNESYLTRANSFERASE
Catherine A. Sutton, Jennifer L. Rowe, and James W.
Wollack (Advisor)
Department of Chemistry
St. Catherine University, St Paul, MN

TRIBOLUMINESCENT STUDIES OF COPPER(I)
AND MANGANESE(II) COMPLEXES WITH
RACEMIC AND SINGLE ENANTIOMER
CHIRAL DIPHOSPHINES
Morgan K. Stamp, and Daron E. Janzen (Advisor)
Department of Chemistry
St. Catherine University, St. Paul, MN

The protein ras is an important part of signaling cells to
proliferate and differentiate. However, it has also been
linked to a few types of human cancers. Such cancers
occur when ras has been activated for normal activity
but it does not naturally deactivate. Ras is activated
through the post-translational modification by protein
farnesyltransferase. Protein farnesyltransferase activates
ras via prenylation with the tri-isoprenoid called
farnesyl diphosphate. It was from the farnesyl
diphosphate compound that a non-natural substrate was
modeled. The mimicking substrate contained a single
isoprenoid group with norbornene attached. This nonnatural substrate was synthesized with the potential to
be prenylated onto ras via protein farnesyltransferase.

A limited number of substances exhibit the unique
property of triboluminescence. Triboluminescence is
the emission of light from crystals that occurs upon
mechanical fracture. The earliest report of this
phenomenon was in 1605 when Francis Bacon observed
triboluminescence in sucrose crystals. To date, the
mechanism of mechanically induced emission is poorly
understood. There are limited hypotheses as to the
necessary characteristics a substance must possess to
exhibit triboluminescence, one of which is chiral
packing. In an effort to purposely design materials that
will triboluminesce, we have synthesized compounds
that photoluminesce and crystallize in a noncentrosymmetric space group. Racemic and single SBINAP enantiomer copper(I) complexes of the form
[Cu(dmp)(BINAP)](BF4)
(dmp
=
1,9dimethylphenanthroline,
BINAP
=
2,2'bis(diphenylphosphino)-1,1'-binaphthyl)
were
synthesized and characterized by 1H and 31P NMR,
photoluminescence, and X-ray crystallography. As
expected, the complex [Cu(dmp)(S-BINAP)](BF4)
exhibits strong photoluminescence and crystallizes in a
chiral space group. Triboluminescent studies of these
copper complexes as well as racemic and single
enantiomer
Mn(BINAPO2)Br2 (BINAPO2=2,2'bis(diphenylphosphoryl)-1,1'-binaphthyl)
will
be
presented.

INVESTIGATING THE ROLE OF TRIAZOLE
BASED LIGANDS IN A NICKEL-CATALYZED
DEHYDROGENATION OF AMMONIA-BORANE
Meghan O. Talbot and Marites A. Guino-o (Advisor)
Department of Chemistry
University of St. Thomas, St. Paul, MN
A family of organometallic catalysts were synthesized,
each with unique stereoelectronic properties, and used
in R. Tom Baker’s dehydrogenation reaction of
ammonia-borane. The catalysts were used in the
dehydrogenation reaction in order to determine which
stereoelectronic properties contribute to producing the
most hydrogen gas. The reaction time of the
dehydrogenation was shortened to accommodate this
screening process. Fourier Transform Infrared
Spectroscopy and Single Crystal X-Ray Diffraction
were used to quantify the electronics and sterics of each
catalyst respectively. The dehydrogenation was
monitored via NMR Spectroscopy.

INVESTIGATION OF WATER-FILTERING
METHODS IN COMMERCIAL PRODUCTS
Olaf Summers and Heather Sklenicka (Advisor)
Department of Chemistry
Rochester Community and Technical College,
Rochester, MN
High intake of phosphates has been linked to health
problems, to include heart disease and low bone
density. Preliminary research found that tap water
contained a higher amount of phosphates after filtration
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SURVEY OF FIRST-ROW TRANSITION METAL
COMPLEXES USING A NOVEL HYBRID
LIGAND
C. E. Tapio1, D. E. Janzen2, and E. E. Marlier1
(Advisor)
1
Department of Chemistry, St. Olaf College, Northfield,
MN
2
Department of Chemistry and Biochemistry, St.
Catherine University, St. Paul, MN

rings. In 1993, Allan Hay and coworkers reported that
alkynes could act as an electron-withdrawing activating
group and, accordingly, monomers such as bis(4fluorophenyl)acetylene could be reacted with
bisphenoxides to synthesize acetylenic poly(aryl
ether)s. For this work, bis(4-fluorophenyl) acetylene
was prepared using a two-step literature procedure and
then reacted with bisphenol A (BPA) and K2CO3 in
NMP following Hay and coworkers’ protocol. The
resulting polymer (1) was characterized by 1H NMR
and will also be analyzed for molecular weight
determination by light-scattering measurements.

Transition metal complexes are nearly ubiquitous in
catalytic, industrial processes. Considering that many of
these catalysts utilize rare and expensive metals such as
palladium or platinum, efforts have been made to use
the less costly and more readily available first-row
transition metals. To this end, the novel ligand p-tolylBDI(DIPP)2H has been prepared and metallated with
cobalt, nickel, copper, and zinc metal(II) salts. This
monoanionic, tetradentate ligand was designed to take
advantage of both the chelate and hybrid effects to
stabilize the metal center. Both the hard β-diketiminate
backbone and soft phosphine donors create a hybrid
environment, while their ortho-substitution ensures
binding.

ECOLOGY AND ENVIRONMENTAL
SCIENCE
EFFECTS OF ULTRAVIOLET RADIATION ON
THE BROWN MIDRIB MUTATION IN Sorghum
bicolor AND Zea mays
Maegan F. Eatwell and Christopher Ruhland (Advisor)
Department of Biology
Minnesota State University – Mankato, Mankato, MN
Examining plant responses to ultraviolet radiation (UV)
under realistic spectral regimes has relied upon
supplementing ambient UV using lamps or reducing
UV using filters. Responses to sub-ambient UV tend to
be more pronounced than those under elevated UV.
However, few studies have examined these responses in
greenhouses because most cladding absorbs UV. A new
greenhouse polycarbonate material has been introduced
that transmits >77% of ambient UV. We examined how
UV influenced production of UV-screening compounds,
chlorophyll fluorescence, growth, and cell wall
constituents in the Brown Midrib (BMR) mutation in
Sorghum bicolor (sorghum) and Zea mays (corn). These
BMR varieties are an ideal forage feedstock due to
lowered expression of cinnamyl alcohol dehydrogenase
and caffeic O-methyltransferase enzymes in lignin
synthesis. Plants were grown in a UV-transparent
greenhouse under filters that either attenuate (mylar) or
transmit (aclar) UV. We measured epidermal screening
of UV with a modulated fluorometer, [comma inserted]
and the quantum yield of photosystem II (ΦPSII) and the
variable to maximal fluorescence ratio (Fv/Fm) with a
chlorophyll fluorometer. Plants under aclar had 22-23%
greater epidermal shielding and 35-54% more UVabsorbing compounds than those under mylar. There
were few UV effects on ΦPSII, Fv/Fm, and growth of
either species with the exception of plant height in
sorghum. Effects on cell-wall constituents were subtle,
with cellulose concentrations being 2.5% greater in corn
under mylar, and lignin concentrations being 1% greater
in sorghum under aclar. It appears that BMR sorghum

PREPARATION OF SOL-GEL-IMMOBILIZED
CYCLAM METAL COMPLEXES FOR
HETEROGENEOUS PHOSPHATE ESTER
HYDROLYSIS
Alex Thomas and Brett Bodsgard (Advisor)
Department of Chemistry
St. Mary’s University of Minnesota, Winona, MN
A series of silica-bound metal complexes were prepared
to study the effectiveness as heterogeneous catalysts for
the hydrolysis of phosphate esters. The synthetic
approach for these heterogeneous materials was
monoalkylation of tri-protected cyclam, rhodiumcatalyzed hydrosilation of a decenyl-modified cyclam
and triethoxysilane, and lastly metallation with different
metal nitrates (nickel, cobalt, and copper). These
materials could be successful catalysts in the
degradation of organophosphates found in nerve agents
or other organophosphate compounds.
REINVESTIGATION OF AN ACETYLENIC
POLY(ARYL ETHER)
Kristen P. Weiler and Thomas Nalli (Advisor)
Department of Chemistry
Winona State University, Winona, MN
Poly(aryl ether)s (PAEs) are very robust polymers that
contain diphenyl ether links. PAEs most commonly
have been synthesized by nucleophilic aromatic
substitution (SNAr), a reaction that requires an electronwithdrawing group (EWG) to activate the benzene
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and corn are responsive to UV, which could influence
their performance in agricultural settings.

different research universities in the United States.
Although the investigator did not have the opportunity
to collect data from the test, a presentation about
validity and reliability of the survey instrument is
presented with this work. The employment of this
survey by science teachers in lesson plans about bees
and beekeeping is an effective and original effort to
strengthen modern biology education.

OAK OVERSTORY CANOPY EFFECTS ON
Alliaria petiolata IN EASTERN MINNESOTA
Nolan Kriegel and Jerald Dosch (Advisor)
Department of Biology
Macalester College, St. Paul, MN
Many studies in ecology are devoted to the one-way
interactions between non-native invasive species and
their biotic and abiotic environment. This study focuses
on the reverse interaction between tree species and their
canopy cover and the non-native invasive plant Alliaria
petiolata (garlic mustard) in a Mid-Eastern Minnesota
oak forest. I hypothesized that the forest canopy factors
(density, size, and species composition) would affect
the presence of garlic mustard due to the fact that these
trees have been presence well before the establishment
of this non-native plant. By collecting the A. petiolata
densities along belt transects during the summer of
2013 and measuring the forest canopy cover above
those specific transects during the winter 2014, I was
able to compare all the forest canopy factors directly
with the presence of garlic mustard. By calculating the
canopy density by measuring overlap, I found that A.
petiolata exhibited a non-significant negative trend as
you increase shade. Only Tilia americana (basswood)
affected the presence of A. petiolata by lowering its
presence significantly. The size of the tree that produces
the canopy turned out to be insignificant. With previous
resulting trends still holding true but with very few
significant findings, I conclude that A. petiolata is more
heavily influenced by abiotic factors such as slope,
aspect, and elevation rather than the biotic forest
canopy composition.

IDENTIFICATION OF Peromyscus leucopus AND
P. maniculatus IN MINNESOTA HABITATS: A
COMPARISON OF MOLECULAR ANALYSIS OF
SALIVARY AMYLASE AND BODY
MEASUREMENTS
Shannon Leipus, Hannah Schradick, Eric Yu, Caitlin
Hinton, Brian Bickel, Madeline Johnson, Katelyn
Schneider, Michael Rose, and Joseph Whittaker
(Advisor)
Department of Biology
Concordia College, Moorhead, MN
White-footed mice (Peromyscus leucopus) and deer
mice (P. maniculatus) are two of the most common and
abundant small mammals in North America. They are
identified as significant seed dispersers, predators of
pest insects, prey items of avian and mammalian
predators, and disease vectors and reservoirs. These two
species are extremely difficult to tell apart in the field.
Morphological measurements, typically used for
identification, are inconsistent. Reliable identification is
possible through different allozymes for salivary
amylase. We collected saliva and used cellulose acetate
electrophoresis for identification from a variety of sites
throughout northwestern Minnesota between 2004 and
2013. We tested 821 Peromyscus saliva samples from a
variety of habitats and compared the amylase results
with morphological data. Our objective was to
definitively identify Peromyscus to species in a region
with high habitat overlap and to examine how well
morphological predictors compared with the amylase
identification. We found that 33% of the captured mice
could not be identified by measurements because of
extensive overlap. Additionally, we found 15 to 25% of
identifications based on morphology were incorrect. In
sum, the cumulative error when trapping Peromyscus
results in up to 48% of the mice we captured being
unidentifiable or incorrectly assigned to species based
on the body identifiers.

AN EVALUATION TOOL FOR ASSESSING THE
RELEVANCE OF BEES, AND BEEKEEPING IN
THE MIDDLE SCHOOL LIFE SCIENCE
CURRICULUM.
Peter M. Kuisle, and Dr. Bruno Borsari (Advisor)
Department of Biology
Winona State University, Winona, MN
The decline of bees due to colony collapse disorder may
soon affect food production and the quality of life for us
as humans. The purpose of this paper was to create an
evaluation tool to assess the knowledge in basic
apiculture from middle school aged students. A test was
constructed via a jury panel system methodology. Eight
multiple-choice questions were considered for a prepost-test assessment. Each question offered 4 different
answers with only one being the correct one. The
construction of the test was achieved though the jury
panel system consisting of 3 expert entomologists from
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OVENBIRDS IN EAST-CENTRAL MINNESOTA
FOREST FRAGMENTS THREATENED BY
VERY HIGH LEVELS OF RACCOON NEST
PREDATION
Karina Li, Lilly Bock-Brownstein, Nolan Kriegel, Mike
D. Anderson, Marta LeFevre-Levy, Casey Dallavalle,
Jerald J. Dosch, and Mark A. Davis (Advisor)
Department of Biology
Macalester College, St. Paul, MN

from the Twin Cities area and one from southern
Wisconsin. Comparing these will determine whether
planting local trees or trees adapted to southern climates
will be more successful in restoration projects as
temperatures increase due to climate change. During
summer 2013, we took baseline data on seedling
survival and growth, herbivory, and physiological traits
associated with heat and water stress. Overwinter
survival from 2012-2013 was greater than 95% with no
significant difference between the two types of
seedlings. At planting, local seedlings were slightly, but
significantly, smaller than southern seedlings. Growth
of new stem material in spring 2013 was not dependent
on size at planting, and local seedlings had significantly
greater stem growth than southern seedlings. In
contrast, number of leaves produced in spring 2013 was
positively correlated with size at planting, and
statistically controlling for the latter southern seedlings
produced more new leaves than local seedlings did at
most plant sizes. In addition, for their size, local
seedlings generally produced smaller leaves than
southern seedlings. Local seedlings suffered from
significantly more intense herbivory early in the spring
than southern seedlings did. By one measure,
physiological stress in late summer was greater for local
seedlings in one part of the habitat but greater for
southern seedlings in another part. However,
differences were small and their biological significance
at this stage is uncertain.

Nest predation of Ovenbirds (Seiurus aurocapilla),
ground-nesting forest birds, can be influenced by
microhabitat features, which can influence detectability,
as well as by large scale landscape features, which can
influence the abundance and activity levels of predators.
The purpose of this study was to assess predation
pressure on Ovenbirds in forest fragments and along
forest corridors in east-central Minnesota, to evaluate
the roles that microhabitat and landscape features may
play in influencing nest predation, and to assess
whether the Ovenbird population(s) in this fragmented
landscape are self-sustaining or acting as population
sinks. We set out more than one hundred artificial
Ovenbird nests, containing a finch and plasticine egg, at
four forested sites in east-central Minnesota during June
and July 2013. Motion-sensitive cameras were used at
many of the nests to help identify the predators. We
calculated nest predation rates and activity levels of
Ovenbirds and predators. We documented extremely
high nest predation rates, with 91% of the identifiable
predators being North American Raccoons (Procyon
lotor). Predation rates were not associated with
microhabitat features, but the significant variation in
predation rates among sites suggests that large-scale
landscape features are influencing Raccoon density.
The very high predation rates and Raccoon activity we
documented in the fragmented forest patches, the latter
which may be compounded by people releasing trapped
pest Raccoons into the forest patches, raises questions
as to the feasibility of management efforts to increase
Ovenbird nesting success in these fragmented
landscapes.

STEWARDSHIP GARDEN: THE IMPORTANCE
OF URBAN AGRICULTURE
Leann M. Luecke1 and Adam D. Kay2 (Advisor)
1
Department of Environmental Science and
2
Department of Biology
University of St. Thomas, St. Paul, MN
Global food demands are increasing, as are
environmental impacts from agricultural intensification.
Urban agriculture can help meet growing demands
without degrading natural systems. Research in urban
agriculture is needed to identify best growing practices.
Moreover, urban agriculture research can bring greater
awareness to food issues. I conducted an urban
agriculture project that combined research, education,
and community service. The research component of the
project compared different fertilizer amounts and water
treatments to maximize yield. We found interesting
results that suggest fertilizer amounts have diminishing
returns, and watering produces higher yields than using
mulch as a substitute. These results are interesting to
add to the discussion of how to create a sustainable food
system, while maintaining production. The data from
this project will be used to inform the Stewardship
Garden Competition that will take place Summer 2014.
The competition will allow community leaders to

GENOTYPIC ADAPTATION TO CURRENT AND
FUTURE CLIMATE IN AN OAK FOREST
HABITAT RESTORATION PROJECT
Abby E. Lown, Cecelia A. Peterson, and Simon K.
Emms (Advisor)
Department of Biology
University of St. Thomas, St. Paul, MN
Our research began a long-term study of habitat
restoration and conservation management at Fish Creek
in Maplewood, Minnesota. It began fall 2012 with
undergraduates planting 500 bur oak (Quercus
macrocarpa) seedlings of two potential ecotypes, one
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choose how their plot will be maintained. The winner
will be based on highest yield and lowest environmental
impact. There are other important complementary
components to this project besides the scientific
research. Over the summer and into the school year, I
engaged the campus and neighbors through various
events in order to raise awareness about the importance
of urban agriculture. The project has educational
benefits because it is the basis of many students’ work
in the Environmental Science capstone course, Medical
Geology course, and summer research. Finally, the
project provided a community service because
vegetables are donated to food shelves in the area.

structure of ciscoes from many Minnesota lakes.
Genetic variation is crucial for a species to adapt, or
else be vulnerable to extinction, so we are analyzing the
amount of genetic variation in populations. This is done
by analyzing several microsatellite loci, which are noncoding DNA segments, isolated from ciscoes.
Measuring these DNA segments can reveal how much
variation exists within and across populations. So far,
we have analyzed DNA of 153 fish from eight lakes and
at two microsatellite loci. We have seen significant loss
of variation at these loci in some lakes. We are also
investigating the genetic relationships between
ecomorphs. If each ecomorph is genetically different,
then we would know that all must be conserved. On the
other hand, if the variation between ecomorphs is not
observed at the genetic level, conserving any of them
may be enough. We will continue collecting data to
understand the genetic structure of these populations so
they can be managed to preserve the ecology of
Minnesota lakes.

DNA BARCODING OF MINNESOTA Carex
SPECIES USING MATK
Felix Meyer, Thor Eppler, and Rekha Ganaganur
(Advisor)
Department of Biology
Minneapolis Community and Technical College,
Minneapolis, MN

SIZE AND AGE STRUCTURE OF BLACK,
GOLDEN, AND SHORTHEAD REDHORSE IN
THE NORTH BRANCH ROOT RIVER
Collin A. Nienhaus and Philip Cochran (Advisor)
Department of Biology
St. Mary’s University of Minnesota, Winona, MN

DNA barcoding involves identifying species using a
short, standardized region of DNA. The Carex genus is
a cosmopolitan set of over 2,000 grass species. In
Minnesota, some Carex species have been experiencing
an unexplained population decline in their northwestern
peatland
habitats.
Species
identification
and
differentiation within Carex can be difficult to
accomplish with classical taxonomic methods, due to
the complex taxonomy and reduced morphology of the
genus. The matK DNA barcode has been shown to
provide adequate species resolution in similar Carex
species. In this study, we have applied the matK DNA
barcoding technique to the Minnesota Carex species. A
method of reliable species identification will allow
future population studies to be much easier.

It is common for multiple species of redhorse suckers
(Moxostoma spp.) to occur sympatrically, and
consequently many studies on this group have focused
on comparing various aspects of life history. In this
study, data on size and age were collected for 57 black
(M. duquesnei), 37 golden (M. erythrurum), and 17
shorthead (M. macrolepidotum) redhorse from the
North Branch Root River, Olmsted County, Minnesota.
Emphasis was placed on black redhorse, a species of
“special concern.” Size and age distributions of black
redhorse were significantly different from those of
golden and shorthead redhorse due to an abundance of
age-1 black redhorse (44% of sample). Ages 4-7 were
also well represented in the black redhorse sample
(42%). Few age-2 and -3 black redhorse were sampled,
suggesting poor year classes. For golden and shorthead
redhorse, most of the fish sampled were ages 2-5 (78
and 100%, respectively). Individuals age 6 and older
made up similar proportions of the black (25%) and
golden (16%) redhorse samples. Mean condition factor
for black redhorse was significantly lower than for both
golden and shorthead redhorse, and weight–length
relationships indicate that black redhorse was generally
the most slender species. This study did not detect any
significant demographic issues for black redhorse in the
North Branch Root River, although this small sample of
aged fish suggests the possibility that successful year
classes are not produced every year.

POPULATION GENETIC STRUCTURE OF A
FISH SPECIES THREATENED BY CLIMATE
CHANGE
Jillian Nielsen, Jennifer Cruise (Advisor), and Simon
Emms (Advisor)
Biology Department
University of St. Thomas, St. Paul, MN
Ciscoes (Coregonus artedi) are an important fish in
Minnesota ecology. Ciscoes inhabit deep, cold lake
waters and are an important food source for larger fish.
Members of this species have developed much variation
in their physical characteristics that divide the species
into distinct subpopulations, labeled “ecomorphs.” It is
very possible these changes are from evolutionary
pressures for the fish to adapt to a changing
environment as a result of climate change and warming
lakes. This study is investigating the population genetic
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this time there was a significant decrease in lead
contaminant concentrations within the fish along with a
significant increase in zinc contaminant concentrations.
Contaminant concentrations of cadmium and chromium
were identified in trace amounts. This experiment
measured the current contaminant concentration of lead,
zinc, cadmium, and chromium in the fillet and whole
body of bluegill from East Lake Winona. The bluegill
samples, collected during the winter of 2013, were
digested with nitric acid and hydrogen peroxide in an
acid digestion bomb. Each sample was analyzed using
atomic absorption spectrophotometry for lead, zinc,
cadmium, and chromium concentrations. These results
were compared with previous research to look for
trends in contaminant concentrations within the
bluegill.

THE CORNER STORE PROCUREMENT
PROJECT
Taylor K. Schuweiler1, Nora Hoeft2, Kristen Klingler2,
and Adam D. Kay (Advisor)1
1
Department of Biology, University of St. Thomas, St.
Paul, MN
2
Minneapolis Health Department, Minneapolis, MN
Global food demand is expected to double by 2050,
while environmental impacts from agriculture are
already at unsustainable levels. Urban agriculture can
help meet food demand without compromising natural
lands. It can also alleviate food insecurity for vulnerable
urban residents. Here we report on the Corner Store
Procurement Project, an urban agriculture project that
combines research and community service. We tested
how worm-composted (=vermicomposted) coffee
grounds affect growth and nutrient content of 6 crops:
lettuce, collard greens, mustard greens, cucumbers,
cherry tomatoes and roma tomatoes. Vermicomposting
increased substrate N content from 2.31% to 3.51%.
Through conducting a greenhouse experiment we
compared effects of vermicomposting to those of
synthetic fertilizer or raw coffee grounds. We found
that compared to raw coffee treatments, vermicompost
increased overall crop production by 827%.
Vermicomposting generally increased crop growth as
much
as
synthetic
fertilizer
did,
although
vermicomposting effects on production differed
significantly among crop species (significant treatmentby-crop interaction). However, vermicomposting did
not increase crop N content nearly as much as synthetic
fertilizer did. Overall, these results suggest that
vermicomposting growth and nutritional deficits
(relative to synthetic fertilization) are crop specific. In
the service component of the project, we delivered
vegetables produced in the study to participants of the
Healthy Corner Store Initiative, a nutritional program
run by the Minneapolis Health Department that
encourages corner stores owners to stock more fruits
and vegetables. These deliveries may help urban store
owners acquire small quantities of produce at affordable
prices.

THE IMPACTS OF BIOCHAR ON
GREENHOUSE GAS EMISSIONS, SOIL
MOISTURE, AND PAH CONCENTRATIONS
Rena Weis1,2 and Dr. Kurt Spokas1,2 (Advisor)
1
United States Department of Agriculture (Agricultural
Research Service), St. Paul, MN
1,2
Department of Food, Agriculture, and Natural
Resources, 2University of Minnesota, St. Paul, MN
The purpose of this study was to examine the impacts of
biochar additions on soil greenhouse gas emissions and
soil moisture, as well as quantify polyaromatic
hydrocarbon (PAH) uptake in specialty crops. Triplicate
plots were amended with 0.763 kg/m2 of pine chip
biochar (650 °C) and three were untreated as the control
plots. There were no significant differences observed
between the biochar and control plots for nitrous oxide
or carbon dioxide emissions. However, the biochar
plots emitted significantly lower amounts of methane,
suggesting that higher rates of methane oxidation or
lower rates of methane production were occurring in the
biochar-treated plots. Biochar plots possessed
significantly higher soil moisture contents than the
control plots did. There were no statistically significant
differences noted between the treatments. In conclusion,
amending biochar to soil reduced soil methane
emissions, increased soil moisture content, and had no
effect on the PAH concentration of the harvested crops.

HEAVY-METAL ANALYSIS OF BLUEGILL
(Lepomis macrochirus) FROM EAST LAKE
WINONA
Amy I. Spitzmueller, Raymond Faber (Advisor), and
Nathan Lien (Advisor)
Department of Biology
St. Mary’s University of Minnesota, Winona, MN
Heavy-metal contaminant concentrations in bluegill
(Lepomis macrochirus) from Lake Winona were studied
over the course of 10 years, from 1991 to 2001. During
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RESPONSE OF SMALL-MAMMAL
COMMUNITIES TO BURNING ON A
RESTORED PRAIRIE
Eric Yu, Brian Bickel, Caitlan Hinton, Shannon Leipus,
Hannah Schradick, Madeline Johnson, Katelyn
Schneider, Michael Rose, and Joseph Whittaker
(Advisor)
Department of Biology
Concordia College, Moorhead, MN

prescribed drug regimens is more likely to be observed.
This paper contributes to the literature with a model of
information tailoring by the healthcare providers to
change prescription adherence behavior of HIV
patients. Data for this study come from Positive
Connections: Connecting HIV-Infected Patients to Care
at Ann Arbor Michigan Inter-university Consortium for
Political and Social Research.
IS CORN-BASED ETHANOL REALLY THE
SOLUTION?
Zach M. May and Jeff Owen (Advisor)
Department of Biology
Gustavus Adolphus College, St. Peter, MN

Prairie habitats in North America have been reduced to
1% of their original area and as a result, many of the
large-scale natural processes that maintained prairie no
longer function without management. The impact of fire
management on small mammals is not well known,
particularly on restored prairie. We conducted our study
on Concordia College’s Long Lake Biological Field
Station in Becker County, MN. Parts of the Long Lake
field station were restored to prairie habitat in 2010.
During spring of 2013 portions of the prairie
restorations were burned. Our objective was to examine
the impact of fire on the small-mammal community and
how small-mammal populations respond to fire as a
management technique on restored prairie. We
conducted small-mammal trapping in 2012 and
following the burn in 2013. We captured a total of 166
individuals (in 1,650 trap nights) representing six
species during 2012 and 226 individuals (in 1,200 trap
nights) representing five species during 2013. Our
results show a decrease in captures of small mammals
following the burn compared with the unburned sites.
Further monitoring will see if there is a longer-term
increase in small-mammal density and biodiversity as a
result of the burn.

The controversy surrounding America’s corn-based
ethanol production is the topic of many debates within
the political sphere. It starts with focusing on how to
solve many of the problems we shall face within this
decade, such as climate change due to fossil fuels, and
the exhaustion of those fossil fuels which we use to
power our world. Today, corn-based ethanol is one of
the most widely used alternatives. The media portray it
as being a clean way of replacing the dirty and
contaminating fossil fuels being used now. Even though
it sounds wonderful and promising there are many
problems with it, such as how much energy it takes to
produce it. Many scientists oppose corn-based ethanol
because of the tremendous amount of energy used in
producing its byproduct. Yet, there is still a majority of
our politicians who praise it as our savior for a clean
energy future. The problem arises because politicians
have been using it to gain votes in recent elections
rather than actually embracing it. This topic is
important because we are wasting valuable time and
resources into a product that makes no sense. In my
paper I discuss why corn-based ethanol is a poor choice
for an alternative fuel. There are too many negatives
impacts to society's well-being when combining a food
source to cover our energy supply. Society is
progressing; we live where the technology exists to
manufacture
goods,
including
energy
and
transportation, that do not harmfully impact the
environment.

ECONOMICS AND BUSINESS
HOW DOES THE INFORMATION AFFECT
PRESCRIPTION ADHERENCE PREFERENCES
OF HIV-POSITIVE INDIVIDUALS?
Ozlem Barin and Ihsuan Li (Advisor)
Department of Economics
Minnesota State University – Mankato, Mankato, MN
Adherence to prescribed medicine by patients is crucial
to improve long-term results, especially for chronic
diseases. For many patients, regardless of their
condition, receiving adequate healthcare is essential to
maintain the quality of life. Prescription adherence is
particularly critical for Human Immunodeficiency Virus
(HIV) treatment. Due to uniqueness of HIV/AIDS
barriers to treatment, additional efforts are required in
assisting these individuals to engage in adequate
healthcare. In addition, among immigrants, minorities,
or underserved populations, weak adherence to

STATISTICAL DISCRIMINATION IN RACIAL
AND GENDER WAGE DIFFERENTIAL: AN
ANALYSIS OF OCCUPATIONS IN THE
INFORMATION TECHNOLOGY SECTOR
Matthew F. Petersen and Ihsuan Li (Advisor)
Department of Economics
Minnesota State University – Mankato, Mankato, MN
This paper examines the impact of statistical
discrimination on gender and race wage differential in
the information technology (IT) sector. Literature
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suggests that white, male, managerial dominance is
more pronounced in the corporate work environment
than in other sectors (Bertrand and Katz, 2010);
however, computer-related work is highly standardized,
and the skills required to perform this type of work are
easily transferable to other firms. This should
strengthen labor market efficiency, and reduce
statistical discriminatory impact. Productivity is easily
observable for computer-related work, which should
strengthen human capital signaling and neutralize
disparity arising from employer misperception of
productive ability. Following the model developed by
Lang and Manove (2011), who found that productivity
signaling explained all wage and education disparity,
this paper contributes to the literature with empirical
evidence using a novel dataset from ICPSR, and tests
the authors' theory upon an occupational sector that
should exhibit minimal wage differential.

ENGINEERING
PARAMETER STUDY OF A RETRO-ROCKET
THRUST
Carl De Vries, Xue Hu, and Nick Thorp (Advisor)
Department of Mathematics
Des Moines Area Community College, Boone, IA
Designing a new rover for a space mission requires
many diverse models to be examined and optimizations
to be calculated. One strategy for multifaceted models
to be developed is to first create a basic structure,
understand outcomes related to the simpler version, and
then increase the level of complexity, thereby producing
an enhanced overall model design. The goal of our
research is to investigate a series of questions centered
on the final stage of space vehicles’ moon-landing. We
focus on identifying correlations between the level of
acceleration from thrust, starting velocity, and time to
complete a soft landing after retro-rocket ignition. To
prove our hypothesis, we conducted a parameter study
on our model composed of a system of ordinary
differential equations obtained from a case study. The
data were generated by utilizing a numerical method
called Fourth Order Runge-Kutta. From the model
formulated by the numerical solution, we identified a
direct correlation between the thrust level and the
starting velocity as well as an inverse correlation
between the thrust level and the time to land. Also,
interpolation and a limited amount of extrapolation can
be obtained in order to approximate the required
starting velocity and time to land based on the thrust
level of the rocket or to estimate the thrust level while
given a specified time. Future studies of this model, and
the correlations extracted from our data, can be
expanded to high-level models and analysis for vehicle
landing or takeoff.

EUROBONDS AND ITS APPLICATION IN
EUROPEAN DEBT CRISIS
Yue Yin, Dr. Kristina Terkun-Castro (Advisor)
Department of Economics
Gustavus Adolphus College, St. Peter, MN
The ongoing Eurozone debt crisis has raised doubts
about the future viability of the euro, an important role
in the global financial market and one of the most
ambitions task in the process of European integration.
Due to the high debt burdens, the periphery thinks that
it is very difficult or impossible for some countries to
repay or refinance their government debt only by
themselves without assistances of third parties.
Devaluation and inflation, which are the usual ways to
conquer debt crisis, are no longer available since
indebted countries could not depreciate their currency,
Euro, in a common monetary union. Therefore, a more
fundamental
and
durable
solution
without
aforementioned barriers has been appealed. And the
idea of Eurobonds is the fiscal underpinning that lots of
people talked about to calm the Eurozone. This research
paper is about the feasibility of Eurobonds, government
bonds jointly issued by 17 Euro countries, to solve the
ongoing Eurozone debt crisis. Eurobonds can motivate
financial reforms, and secure countries do not need to
be directly involved in bailout packages. Indebted
countries can benefit from Eurobonds for lower
borrowing costs and interest rates. However, this might
cause moral hazard and free rider problem, so that
indebted countries will not reform their financial sectors
actively. Lots of detailed problems will also hamper
expected benefits of Eurobonds. In order to reduce
problems that Eurobonds might generate, this paper also
discusses some amended proposals about Eurobonds.

INVESTIGATING THE RELATIONSHIPS
BETWEEN VARYING FILTER MEDIA AND
MICROBIAL POPULATIONS IN
BIOFILTRATION PROCESSES
Emily Mickelson, Jonathan Schilling (Advisor), and
Jason Oliver (Advisor)
Department of Bioproducts and Biosystems
Engineering
University of Minnesota, St. Paul, MN
Livestock production and manure management emit
large amounts of odorous and harmful emissions into
the atmosphere (4). The emissions from livestock
excrements are complex and contain significant
amounts of ammonia (4). Ammonia emissions
contribute to acid deposition and increasing soil and
surface water acidity; this harms these biological
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habitats as a result (4). While ammonia can also be
formed in non-agricultural systems, the largest amounts
of these emissions to the atmosphere result from
agricultural sources; 80-90% of these agricultural
emissions are a direct product of livestock production
(4). Biofilters are well suited for reducing these
emissions, as they can reduce up to 99% of odors from
animal facilities (1). Biofilters are living systems
composed of microbial communities growing on a
porous substrate like wood chips that can degrade
emissions as they absorb into biofilm (1). The tainted
air that is passed through the filter media is thus
absorbed and degraded concurrently (1). Wood chips
from both birch and southern yellow pine species were
infused with various concentrations of nitrogen to test
how the carbon-nitrogen ratio effectively prevents
significant decay. Soil block jars were set up containing
a fungal lawn to test the moisture and weight losses of
the weathered chips.

signaling method were used to assess the possibility of
utilization of brain signals in the future.
A MATHEMATICAL MODEL FOR BOVINE
ANAPLASMOSIS
Elizabeth Eckert, Samantha Biehl, and Sheldon Lee
(Advisor)
Department of Mathematics
Viterbo University, La Crosse, WI
Bovine anaplasmosis is extremely costly, with over
eight hundred million dollars of expenses annually in
Latin America and three hundred million dollars
annually in the United States. Bovine anaplasmosis is a
vector-borne disease that is caused by Dermacentor
ticks that contain Anaplasma marginale. The disease
infects red blood cells and thus causes a range of
symptoms from fatigue to death. The large costs of
disease treatment and removing diseased cattle can be
minimized through mathematical modeling of disease.
Disease models help to predict the risk of disease
outbreak and prevent the spread of disease on
populations, and are based largely on parameter values.
Parameters are values such as growth rates, death rates,
transmission rates, and other values affecting
population dynamics. The lack of field data on bovine
anaplasmosis makes it difficult to determine
parameters; however, they were estimated using all
available data. The parameters were used in a series of
differential equations based on vector and host
interactions, called the SEIC (susceptible, exposed,
infected, carrier) model. The model outputs include an
adaptable model of the spread of infection and a costefficiency model for farmers. If the vector and cattle
populations are known, the spread of disease can be
modeled to estimate the cost of a treatment plan. Our
mathematical analysis provides a preliminary
understanding of how anaplasmosis spreads through
cattle populations.

MATH AND COMPUTER SCIENCE
ASSESSING THE CAPABILITIES OF BRAINCOMPUTER INTERFACES FOR
CONTROLLING ROBOTICS
Joseph W. Budenske and Maria L. Gini (Advisor)
Computer Science Department
University of Minnesota – Twin Cities, Minneapolis,
MN
Many advancements have been made in the field of
neuroscience in the past few years specifically
regarding the recognition and application of
brainwaves. New inventions now allow one to record
and utilize two main types of signals given off by the
brain. These include facial muscle movements resulting
from motor neurons (electromyography or EMG) and
signals given off by ionic currents in brain interneurons
(electroencephalography or EEG). The main focus of
this study was to explore the potential for these
brainwaves to be used to operate a device, specifically,
to determine if humans can sufficiently focus their
minds to control a robot. This study was done using the
EPOC headset to control the Wowwee Rovio robot
using different methods of signaling including EMG,
EEG, and the standard computer-interface signaling.
The speed and difficulty associated with each type of
signaling were measured using an obstacle course
developed to test a variety of movements made by the
robot. The improvements in speed and control of the
robot after a certain amount of use were analyzed to
find the correlation between practice time and
performance. The overall speed, difficulty, and
improvement of robot control that resulted from each

NEUROSCIENCE
DEVELOPMENT OF A SYSTEM FOR ANALYSIS
OF THE PATTERN OF MUSCLE
CONTRACTIONS DURING Drosophila
melanogaster CRAWLING BEHAVIOR
Mary Catherine M. Decker and Jenifer Schaefer
(Advisor)
Department of Biology
College of Saint Benedict – Saint John’s University,
Collegeville, MN
The aim of this study was to attain footage of the
crawling fruit fly (Drosophila) larva from 360° angles
in order to visualize the pattern of individual muscle
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contractions. A GAL4-UAS system was used to drive
homozygous GCAMP expression, causing the muscles
of the Drosophila larva to fluoresce when contracting.
A stand was designed in order to place a live, crawling
larva in a glass capillary tube under a fluorescent
microscope and then rotate the tube completely for 360°
video footage. Through the combination of the GCAMP
expression and the rotatable stand, video of the
individual muscle contraction pattern of a crawling
Drosophila larva can be successfully attained and
analyzed from all angles. Future research will identify
the roles of specific interneuron populations in crawling
through visualization of changes in the pattern of
muscle contractions during crawling following
interneuron knockout.

ORGANISMAL AND
PHYSIOLOGICAL SCIENCES
PLOIDY MODULATION OF FIELD
PENNYCRESS (Thlaspi arvense L.), A NOVEL
BIODIESEL FEEDSTOCK AND COVER CROP
Kirk Amundson, Kevin Dorn, Evan Johnson, and M.
David Marks
Department of Plant Biology
University of Minnesota, St. Paul, MN
Field pennycress (Thlaspi arvense) is a winter-hardy
oilseed plant found throughout Europe and North
America. Although previously regarded as a weed,
pennycress is now recognized for its tremendous
potential as a winter cover crop capable of providing
ecosystem services to agricultural systems while
annually yielding 4 billion gallons of oil for biodiesel
production—all without displacing established crop
rotations. However, pennycress is not yet optimized for
agricultural purposes. Polyploidization has been shown
to enhance the agronomic characteristics of crop plants,
but no polyploid varieties of pennycress currently exist.
In this study, we generated an autotetraploid pennycress
line in the lab and then analyzed characteristics relevant
to agronomic performance. In accordance with
previously described trends following polyploidization,
we observed an enlargement in seeds and floral organs,
but we did not observe a significant increase in salinity
tolerance as expected. Our results concur with the
hypothesis that phenotypic alterations following
polyploidization are stochastic and species-specific. We
anticipate that the tetraploid line generated in this study
will provide useful germplasm for high-efficiency
mutational breeding.

DEVELOPMENTAL EFFECT OF ETHANOL ON
ALCOHOL CONSUMPTION IN MULTIPLE
GENERATIONS
Felicia M. Houk and Robert C. Lawrence (Advisor)
Biology Department
Viterbo University, La Crosse, WI
Fetal alcohol spectrum disorders describe the various
developmental deficiencies that result from in utero
exposure to ethanol. Prenatal ethanol exposure results in
cognitive disabilities such as impairment in language,
memory, and attention. Secondary defects in social
behavior, impulsivity, inappropriate sexual conduct, and
substance abuse also occur. Prenatal ethanol exposure
characteristically results in higher risks of ethanol
preference and addiction. Animal models have been
helpful in understanding the effects of ethanol on
humans. The rat Rattus norvegicus was used to simulate
a human equivalent three-trimester ethanol exposure
model. Rats were intubated prenatally and postnatally to
simulate the trimesters of human pregnancy. Ethanol
preference across multiple generations was examined
by using a two-bottle-choice test with solutions of (1)
ethanol and maltose-dextrin (2) and maltose-dextrin
only. The amount of ethanol consumed by the first
generation of ethanol rats was significantly more than
that of the control. This effect did not carry over into
the second generation. However, offspring of those
developmentally exposed to ethanol demonstrated a
significant increase in maltose-dextrin consumption.
This may suggest an alteration in nucleus accumbens
activity and rewarding aspects of ethanol in the first and
second generation.

EXTRACTION OF GLANDS AND ANALYSIS OF
THE TOXIN IN TADPOLE MADTOMS (Noturus
gyrinus)
Elizabeth Arnold and Dr. Randy Krainock (Advisor)
Biology Department
St. Mary’s University of Minnesota, Winona, MN
Venoms extracted from poisonous animals have already
proven useful in medicinal use for humans. The effects
of venom include anticoagulation and antiangiogenesis, aiding in the treatment of strokes and
cancer. These venoms have been isolated primarily
from snakes and scorpions, and little attention has been
given to an estimated 2,500 poisonous species of fish.
One such fish is the tadpole madtom, Noturus gyrinus, a
species of catfish known to cause severe pain upon
contact with the spines. Laboratory testing of the toxin
has shown its adverse effects on mice, frogs, and other
fish. However, previous research has been done using a
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crude extract of the toxin. This research used a number
of dissection techniques to determine the specific
location of the toxin gland. Methods to extract the toxin
from live fish by simulating contact with the fin spines
were developed. SDS-PAGE analysis of extract
samples confirmed the presence of protein in trace
amounts. No physical results were noted in frogs
injected with the isolated material. Exact anatomical
isolation of the gland was unattained. Protein bands
suggestive of the toxin were identified, but a lack of
physical response in the frog model indicated that the
extraction methods may not produce sufficient amounts
of the toxin.

HELQ WORKS IN PARALLEL TO BRCA2 TO
SUPRESS CHROMOSOME INSTABILITY
Nhung Do1, 2, Spencer Luebben2, 4, and Naoko Shima2, 3
(Advisor)
1
Undergraduate Research Opportunity Program,
University of Minnesota, Minneapolis, MN
2
Department of Genetics, Cell Biology and Development,
University of Minnesota, Minneapolis, MN
3
Masonic Cancer Center, Minneapolis, MN
4
Molecular, Cellular, Developmental Biology and Genetics
Program, University of Minnesota, Minneapolis, MN
Fanconi anemia (FA) is a rare, genetic disorder
characterized by genome instability, bone marrow
failure, congenital abnormalities, and a high
predisposition to cancer. It is caused by mutations in
any of at least 16 known genes that act together in a
common FA pathway for the recovery of stalled
replication forks. This involves the FA core complexdependent mono-ubiquitination of the FANCD2FANCI proteins, which then work with multiple
downstream factors involved in homologous
recombination, such as BRCA2, to repair the DNA.
While previous research suggested that Helq might be
another FA gene, it was recently found to be
dispensable for FANCD2 mono-ubiquitination and
focus formation, providing strong evidence that it is not
part of the upstream FA core complex. To determine if
HELQ works in the same pathway as BRCA2, we
combined our Helqgt mutant allele with that of
a Brca2 mutant allele harboring a C-terminal truncation
(Brca2Δ27). This allele disrupts important interactions of
BRCA2 with both RAD51 and FANCD2, thus making
it very good for investigating the role of
BRCA2 specifically within the FA pathway.
Helqgt/gt;Brca2Δ27/Δ27 double mutant cells showed greatly
elevated levels of chromosome instability, including
spontaneous micronuclei and 53BP1 nuclear bodies,
markers of unresolved replication intermediates.
Importantly, this was significantly worse than either of
the Helqgt/gt or Brca2Δ27/Δ27 single mutants, indicating a
non-epistatic relationship between Helq and Brca2.
These data suggest that Helq may be an effective
therapeutic target for correcting chromosome instability
in the cells of FA patients.

A STUDY TO DETERMINE THE PROPER
TECHNIQUE FOR USE OF THE BREATHACTUATED NEBULIZER TO DELIVER THE
HIGHEST PROPORTION OF AEROSOL TO THE
LUNGS
Nicole K. Benhart, and Kerry E. George (Advisor)
Department of Respiratory Therapy
Des Moines Area Community College, Ankeny, IA
A nebulizer is a device that holds liquid medication.7
This has made aerosol treatment a desirable method for
administration of medication because it gets deep in the
lungs and begins to work faster than other types of
medication.3 The breath-actuated nebulizer (BAN) is a
new type of nebulizer that creates aerosol only when a
patient is inhaling or throughout the breathing cycle.5
This is a secondary advantage, because it eliminates
others in the room from breathing in secondhand
aerosol and reduces medication waste.4 The BAN is
marked as delivering a smaller fill volume in a shorter
treatment time. Seven students within my school of
study were enrolled. The BAN was used to deliver 1.5
mL of sterile water for the time it took to nebulize the
sterile water completely. The same was done to the fill
volumes of 3 mL and 5.5 mL of sterile water. Fill
volume and total time to nebulize the liquid was
recorded as well as the breathing rate and minute
ventilation of the persons based on the uses of a
respirometer, timer, and the BAN itself. This study
compares the breathing rate and minute ventilation of
the persons to the time it took to nebulize the various
fill volumes given in the breath-actuated nebulizer.

THE EFFECTS OF Noturus gyrinus TOXIN ON
THE ECG OF Mus musculus
Amanda T. Ferstead and Randy Krainock (Advisor)
Department of Biology
St. Mary’s University of Minnesota, Winona, MN
Noturus gyrinus, more commonly known as tadpole
madtom, is a venomous ictalurid catfish commonly
used as bait along the Mississippi River. Ictalurid
catfish are equipped with a sting that can be found on

27

	
  
the dorsal or pectoral fin and is a spine that is
surrounded by integument. Upon impaling with the
spine, the integument surrounding the spine is torn,
releasing the venom into the wound causing pain and
inflammation. Madtom toxin was collected and
administered by various routes to anesthetized Mus
musculus and electrocardiograms (ECG) were recorded.
It was found that intracardial injection resulted in rapid
death of the mice. ECG findings will be presented.

administered via oral gavage at a dosage of 5.0
mg/kg/day for 5 weeks. Experimental rats received
BHA dissolved in vegetable oil, and control rats
received only vegetable oil. Rats that were exposed to
BHA had a statistically significant lower prostatic
weight relative to overall body weight (P < 0.05) as
compared with rats that received vegetable oil. Rats
exposed to BHA also had significantly lower sperm
concentrations (P < 0.05), decreased sperm motility (P
< 0.05), and an increase in pathological sperm
morphology (P < 0.05). These results indicate that BHA
plays a significant role within the reproductive system
of Sprague-Dawley rats. More specifically, these data
suggest that BHA could possibly function as an
estrogenic endocrine disruptor in the Sprague-Dawley
model.

INITIAL SELECTION OF Humulus lupulus L.
FOR A LONG-TERM BREEDING PROGRAM
Joshua Havill1, Charles L. Rohwer2, and Vincent A.
Fritz1,2,3 (Advisor)
1
Department of Horticultural Science, University of
Minnesota, St. Paul, MN
2
Southern Research and Outreach Center, University of
Minnesota, Waseca, MN
3
North Central Research and Outreach Center,
University of Minnesota, Grand Rapids, MN

THE EFFECTS OF in utero ATRAZINE
EXPOSURE ON THE HEMATOPOEITIC
SYSTEM AND BLOOD IRON LEVELS IN Mus
musculus
Jillian Martin2, Katherine Stolz1, Anna Smaron1, Katie
Smith1 and Debra Martin1 (Advisor)
1
Biology and 2Chemistry Departments
St. Mary’s University of Minnesota, Winona, MN

Selection of hops (Humulus lupulus L.) in breeding
programs is most commonly based on phenotypic
evaluation of multiple genotypes. Evaluation of 239
progeny from 4 half-sibling families and 1 openpollinated cross for powdery mildew (Podosphaera
macularis) resistance, and quantification of pubescence
and internode length resulted in selection of 150
progeny that will undergo further phenotypic analyses
in field-grown conditions. Based upon initial results, a
correlation exists between total pubescence of the
abaxial leaf surface and leaf petiole, which may be
useful in initial screening of progeny for pubescent
characteristics.

Atrazine (AZR) is an herbicide predominately used in
the Midwestern region of the United States to suppress
weed growth. During the springtime, atrazine is
prevalent in over 75% of the watersheds in surrounding
agricultural areas after it is transported in the runoff.
The Environmental Protection Agency (EPA) has
classified the safe concentration of atrazine in water to
be 3 ppb. Despite of this, many watersheds contain at
least 10 times this concentration. With the water-level
concentration of atrazine alarmingly increasing during
crop season, human health concerns have become a
primary issue. Atrazine has been found to be an
endocrine disrupter, interfering with the natural body’s
hormone function. In order to determine how atrazine
specifically affects the hematopoietic system, female
mice (Mus musculus) were introduced to atrazine at 0,
3, and 30 ppb atrazine concentrations during the
duration of their gestation period. Thus, their offspring
were exposed in utero to Atrazine. Packed cell volume
(PCV) was taken for the pups at 10, 25, 40, and 64 days
postnatal (DPN) with significant difference seen at 64
DPN, with the 30 ppb being lower than the control
group (p=0.046). Two bleeds were performed at 30 and
68 DPN to obtain blood serum for determining
erythropoietin (EPO) levels, red blood cell (RBC)
count, and iron concentration. As the concentration of
atrazine exposure increased, the EPO levels along with
the RBC count at 30 ppb increased with the RBC counts
being significant (p=0.022). Interestingly, a decreased
PCV and an increased RBC count would indicate that

5-WEEK ORAL ADMINISTRATION OF
BUTYLATED HYDROXYANISOLE DECREASES
RELATIVE PROSTATIC WEIGHT AND SPERM
PRODUCTION IN THE SPRAGUE-DAWLEY
MODEL
Tony S. Larson and Jonathon C. Van Berkom (Advisor)
Department of Biological Sciences
Bethel University, Arden Hills, MN
Butylated Hydroxyanisle (BHA) is used commonly
around the world as a food and feed additive, with an
estimated use among humans being > 0.1 mg/kg of
body weight on a daily basis. Previous studies have
shown evidence that BHA functions as an endocrine
disruptor in an estrogenic way. The toxicological effects
of BHA relative to reproduction were tested via analysis
of sperm concentration, motility and morphology, as
well as relative reproductive organ weight in SpragueDawley rats. Eight Sprague-Dawley rats were ordered
and separated into experimental and control groups
(n=4/group).
Butylated
Hydroxyanisole
was
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the pups had smaller RBC, suggesting a microcytic
anemia. Iron concentrations in the serum showed an
increasing trend as atrazine exposure approached 30
ppb, suggesting that the potential smaller RBC was not
due to low iron levels.

Africa, often used to treat respiratory ailments and
digestive disorders. Various ailments are often treated
using herbal medicine, though few scientific studies
support these claims. The research herein aims to
examine the effects of Lippia alba, prepared as a tea
marketed under the name Juanilama, on distal colonic
smooth muscle. Colonic tissue was harvested from mice
(Mus musculus) and suspended at 1 gram of tension in a
longitudinal orientation in a smooth muscle bath. Once
tissues showed a positive contractile response to 10-5 M
carbachol, individual tissues were subjected to either
150-mg or 300-mg concentrations of Lippia alba. The
results showed that at both doses Lippia alba
suppressed spontaneous motility; there was no
difference between the magnitude of suppression (p=
0.2169). A similar experiment run using Lipton black
tea (Camellia sinensis) showed the same effect. Tissue
motility suppressed by Lippia alba blocked subsequent
contractions with the voltage-gated calcium channel
agonist Bay K 8644. However, in tissues not suppressed
by Lippia alba, the same calcium channel agonist
induced very large contractions. When these same
calcium-induced contractions were followed by Lippia
alba, spontaneous contractions were immediately
eliminated. These results indicate that Lippia alba’s
relaxant effects are mediated through calcium-gated
channels. These effects may provide relief to those
suffering from digestive ailments involving spastic
colonic contractions. However, the consumer should be
aware that black tea which can be purchased locally
exhibits the same effects.

KINETICS OF RECOVERY FROM WINTER
STRESS IN EASTERN WHITE PINE (Pinus
strobus) AND WHITE SPRUCE (Picea glauca)
Ryan Merry, Julia Frebault, Amy Verhoeven (Advisor)
Department of Biology
University of St. Thomas, St. Paul, MN
During cold periods evergreen trees maintain low levels
of photosynthetic capacity due to low temperature
inhibition of chemical reactions within the cell. During
these times light that is normally harvested for
photosynthetic reactions is dissipated to protect cells
from damage due to oxidative reactions catalyzed by
the excess light energy. Since evergreens retain leaves
during cold periods they must undergo a recovery upon
warming where photochemical efficiency will increase
gradually over time. Artificial recovery studies were
performed by removing branches from winter-stressed
Pinus strobus (eastern white pine) and Picea glauca
(white spruce) and maintaining them in the lab for 8
days. It was hypothesized that proteins involved in
photosynthesis also react to this recovery.
Photochemical efficiency (Fv/Fm) was measured over
the 8-day period and recovery curves constructed from
which time to half recovery was analyzed for each
species using PRISM software. D1, a major photocenter protein from photosystem II, as well as several
light-harvesting complex (Lhc) proteins (Lhcb 1, 2, 4,
and 5 from photosystem II and Lhca 1 and 4 from
photosystem I) were analyzed using percentage
increases obtained from Western Blotting. Pine
recovered significantly more slowly than spruce (halfrecovery times were 75.6 hours and 26.6 hours,
respectively). A variety of proteins were found to
increase in concentration in concert with the increases
seen in photochemical efficiency. Other photosynthetic
proteins were found to maintain similar levels
throughout the recovery, suggesting a role in
maintaining the winter conformation of the
photosynthetic apparatus.

DOES STRESS INDUCE INCREASES IN
ANTIOXIDANT ACTIVITY IN Clarkia PLANTS?
John D. Pham, and Amy Verhoeven (Advisor)
Department of Biology
University of St. Thomas, St. Paul, MN
The Clarkia plant is adapted to grow in arid
environments, and several populations of these plants
have evolved the strategy of self-fertilization. It is
hypothesized that self-fertilization may evolve in
response to selection pressures favoring a short life
cycle in order to avoid the dry period. In order to test
this hypothesis, a previous study conducted a selection
experiment in which plants were selected for early
flowering compared with a control line. These seeds
were planted and grown in the field, and leaf tissue was
collected both early and late in the growing season. For
this research we examined the activity of two
antioxidant enzymes, glutathione reductase and
ascorbate peroxidase, from leaf tissue for both earlyflowering and control lines collected both early and late
in the season. We predict that antioxidant levels will
increase in late-season plants relative to early-season
plants because dryer conditions should increase stress

Lippia alba RELAXES ISOLATED COLONIC
TISSUE FROM Mus musculus BY BLOCKING
VOLTAGE-GATED CALCIUM CHANNELS
Nicole M. Olsen and Teresa DeGolier (Advisor)
Department of Biological Sciences
Bethel University, St. Paul, MN
Lippia alba is an aromatic shrub found throughout the
Caribbean, South and Central America, and Tropical
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for both. We also address whether or not there is a more
pronounced increase in antioxidant activity in the
control line compared with the plants selected for early
flowering. We predict that the control line will have
higher antioxidant levels than the early-flowering line if
it is more stress tolerant. The results indicate that there
is no antioxidant difference within the plants collected
early in the season. Incoming results will report on
whether there is an increase in antioxidants in plants
collected later in the season and whether there are
differences between early flowering and the control
plants overall.

THE EFFECT OF Rubus idaeus (RED
RASPBERRY LEAF) AND Caulophyllum
thalictroides (BLUE COHOSH) ROOT ON
ISOLATED Rattus norvegicus URINARY
BLADDER TISSUE In Vitro
Elizabeth E. Reedstrom and Brian A. Hyatt (Advisor)
Department of Biology
Bethel University, St. Paul, MN
The leaves of Rubus idaeus (red raspberry) and the
roots of Caulophyllum thalictroides (blue cohosh) are
both traditionally used as an aid for childbirth.
Although both of these natural supplements are readily
available to the general public, little is known about
their side effects. This research investigated the effect
of red raspberry leaf and blue cohosh root on rat urinary
bladder tissue in vitro. This was accomplished by
suspending isolated longitudinal smooth strips in an
organ bath and subjecting them to varying
concentrations of red raspberry leaf or blue cohosh
aqueous extract. With spontaneous motility of the
bladder tissue serving as a control, an overall increase
in the force of contractions was observed at all
concentrations in all tissues. However, it was observed
that the contractile responses of both treatments were
not concentration-dependent. Contractile responses
from blue cohosh extract were significantly greater than
those evoked from red raspberry leaf extract (P <
.0001). The frequency of spontaneous contractions from
the bladder tissues was not altered after application of
blue cohosh or red raspberry leaf extract. Receptorblocking experiments with the cholinergic antagonists,
atropine and hexamethonium, failed to inhibit
contractile responses after application of blue cohosh.
Nifedipine, a calcium channel blocker, decreased
contractile response by at least fifty percent.

CONTRACTILE EFFECTS OF Ricinus communis
(CASTOR OIL) ON Mus musculus UTERINE
TISSUE in vitro
Nicholas R. Quam and Teresa F. DeGolier (Advisor)
Department of Biological Sciences
Bethel University, St. Paul, MN
The effect of aqueous castor seed extract on isolated
mouse uterine horns in a smooth muscle bath was
investigated at several concentrations: 2.5, 5, 10, 20,
and 30mg/15mL bath. Castor seed extract produced an
increase in uterine contractile force as well as an
appreciable increase in contractile frequency. At each
dose tested, castor seed extract generated a contractile
force greater than that evoked by the neurotransmitter
acetylcholine (10-5 M). Furthermore, the contractile
effects of castor seed extract were concentrationdependent (P=0.0045). Several receptor antagonists
were used to investigate the potential receptors through
which castor seed extract elicits uterine contractions.
Cholinergic muscarinic, oxytocin, prostaglandin E2,
prostaglandin F2α, and bradykinin B2 receptor
antagonists exhibited no inhibition of contractions
generated by castor seed extract at a concentration of
30mg/15mL bath. Indomethacin, a prostaglandin
synthase inhibitor, also failed to inhibit castor seed
extract-induced contractions. Nifedipine, an L-type
calcium channel blocker, produced a clear though
incomplete inhibition of a 30mg/15mL bath
concentration of castor seed extract (P=0.1175). These
results suggest that the contractile mechanism of castor
seed extract on uterine tissue is at least partly mediated
through calcium channels and not through cholinergic
muscarinic receptors, oxytocin receptors, prostaglandin
E2 receptors, prostaglandin F2α receptors, bradykinin
B2 receptors, or the prostaglandin synthesis pathway.
These data may substantiate claims made by certified
nurse midwives regarding oral castor oil consumption
as an effective means to induce and augment labor.

IDENTIFICATION AND CHARACTERIZATION
OF TADPOLE MADTOM (Noturus gyrinus)
TOXIN
Bethany Schmidt and Randy Krainock (Advisor)
Department of Biology
St. Mary’s University of Minnesota, Winona, MN
The tadpole madtom, Noturus gyrinus, is a common
baitfish found in slow-moving waters along the
Mississippi and St. Lawrence Rivers, as well as the
Great Lakes. Tadpole madtoms produce a toxin that can
be painful to humans if they are stuck by the dorsal or
pectoral fins that hold the toxin. Previous research has
examined the effects of the toxin on the cardiovascular
systems, nervous systems, and immune systems of fish,
frogs, and mice. These reports have used a crude toxin
extracted by the removal of the entire fin. This work
attempted to identify the components of the crude
extract that are responsible for the toxic effects. SDS-
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PAGE comparing crude toxin to skin and fin samples
identified protein bands unique to the toxin extract and
of similar size reported in the literature. Gelatin
zymography identified bands with collagenase activity
at approximately 23 and 18 kD in toxin extracts.

on mammalian life when consumed? The purpose of
this experiment was to determine if there is a
correlation between the amount of atrazine consumed
by the mother and its in ovo effect on fat metabolism in
the offspring of Mus musculus. This was done by
looking at the levels of adiponectin in the serum as well
as the inguinal fat pad weight. The results showed that
the mice exposed to 30 ppb atrazine had decreased
inguinal fat pads to total weight ratio and less
adiponectin in the blood compared with those exposed
to 3 ppb atrazine at 1 year of age in males. The female
mice exposed to 30 ppb also showed decreased inguinal
fat pads to total weight ratio at one year; however, the
adiponectin concentration proved to be higher, unlike
the males.

VISUAL PERCEPTION AND GESTALT
PRINCIPLE
Boqian Shen and Adrian Sean Taylor (Advisor)
Department of Psychology
Des Moines Area Community College, Boone, IA
Visual communication technology which ties humanity
together like a nervous system is an essential part of
human daily experience. It has profound implications
for every single role we played in day to day life:
friend, spouse, student, customer, employer even
citizen. It’s an efficient way to advance the quality of
life by improving modern visual communication skills.
As part of my project, I studied Gestalt psychology as
well as its principles which is one way to improve the
skills. Gestalt principles offer scientific methods to
explain human perception. It provides a psychological
basis for the spatial organization of graphic information.
From the idea of Gestalt psychology, the configuration,
layout and structure determine the meaning of majority
types of visual media. The theory believes that the
whole is much different from the simple sum of
individual parts. Based on this concept, I analyzed
several commercial logos to map out the customers’
mind and applied Gestalt principles to make
suggestions to my college’s website in order to enforce
user’s understanding. During my study, I found that the
arrangements of common factors and elements of visual
experience are the underlying mechanism of Gestalt. In
my project, I try to prove that the identification of
useful design can be achieved by developing the
interaction between the part and the whole. That means
we can train our creativity from learning gestalt
principle.

CONSERVATION OF CYTOCHROME B
STRUCTURE IN RED-BACKED VOLES (Myodes
gapperi): A COMPUTATIONAL BIOLOGY
STUDY
Gabriel Velez and Amy M. Runck (Advisor)
Department of Biology
Winona State University, Winona, MN
The southern red-backed vole (Myodes gapperi)
inhabits the forests of the Hudsonian and Canadian life
zones of central and southern Canada and the Rocky
and Appalachian mountain ranges. The related northern
red-backed vole (Myodes rutilus) inhabits northern
Russia, Scandinavia, northern Canada, and Alaska.
Previous phylogeographic analyses using mitochondrial
and nuclear markers has suggested the existence of
repeated hybridization between these two species in
limited zone of contact across Canada and Alaska.
Notably, the hybrids appear to be self-sustaining and
possibly displacing the parental lineages. Here, we
further characterize the structural differences found in
the mitochondrial cytochrome b protein among M.
gapperi, M. rutilus, and their hybrids, using structural
bioinformatics methods. We identified an amino acid
substitution in the ubiquinone-binding region of the
hybrid cytochrome b protein that is conserved across
119 other Arvicoline rodents’ sequences. Using this as
the paradigm of our data analysis, we constructed
homology models of these proteins and further
characterized their structural differences on an
evolutionary and atomic level. These results will help to
guide further research in this area by suggesting
functional amino acid substitutions due to these voles
inhabiting different environmental conditions.

THE EFFECTS OF ATRAZINE ON FAT
METABOLISM IN Mus Musculus
Anna Smaron and Debra Martin (Advisor)
Department of Biology
St. Mary's University of Minnesota, Winona, MN
Atrazine is an herbicide used to control the growth of
broadleaf and grassy weeds. Its primary use is on corn
crop. Atrazine is highly soluble in water and degrades
slowly once dissolved. Therefore, due to runoff, the
concentration of atrazine found in the water supply
around the midwest and more specifically the Winona
area have been found to be above the Environmental
Protection Agency (EPA) set value of 3 ppb. This
promotes the question, what effects does atrazine have
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EVIDENCE FOR THE EXISTENCE OF
FUNCTIONAL ADAPTATIONS IN THE
HEMOGLOBIN OF THE TIGER SALAMANDER,
Ambystoma tigrinum
Gabriel Velez, Jorge Polanco, Erica Eischens, and Amy
M. Runck (Advisor)
Department of Biology
Winona State University, Winona, MN

differentiate between healthy and diseased tissue.
However, backscatter coefficient measurements taken
from tissue-mimicking phantoms have been
consistently low when compared against theoretical
values predicted by Faran’s model in previous work.
The purpose of this study was to determine the source
of the low backscatter coefficients. One possible
source of the error could be non-uniform distribution
of beads in the tissue-mimicking material. To check
for this, phantoms were made using small and large
beads, each at three different concentrations. A
broadband-transducer was used to measure the
scattering amplitude over the surface of the phantoms
at various depths. The results show there was no
indication of the scattering amplitude varying by
location or depth within the phantom. Another source
of low BSC values could be an error in the technique
used to measure the quantity. So, the BSC
measurement protocol at Viterbo was assessed by
comparing against previously measured BSC values
for standard phantoms produced by the University of
Wisconsin-Madison. There was good agreement
between the previously measured values and the
values from Viterbo, indicating no obvious problem
with the measurement protocol. Since the comparisons
were good, these results suggest that the problem may
lie with the theoretical values rather than the phantoms
or the measurement techniques. The next phase of the
project would be to examine the theoretical
calculations for possible errors. A likely candidate is
the equation used to relate total bead mass to bead
number density.

The tiger salamander, Ambystoma tigrinum, is
oviparous, starting as an externally laid egg, whereupon
it develops into a larval form, and finally undergoes
metamorphosis to become a terrestrial adult. However,
some populations of tiger salamanders will become a
reproductive adult in the larval aquatic body, thereby
skipping metamorphosis. Like humans, amphibians will
produce different hemoglobin proteins during different
developmental stages. In the tiger salamander, two
copies of adult α-globin genes (αMajor and αminor) and one
copy of β-globin have been identified. Differential
expression of globin genes result in two hemoglobin
(Hb) isoforms, Hb M and Hb m, which are primarily
made by αMajor and αminor and a common β globin
polypeptide. Previously, we isolated these globins using
RT-PCR and sequenced the proteins to elucidate their
primary structure. Several residue changes in these
globins were thought to contribute to various stabilizing
interactions that modulate their function. Here, we
attempt to characterize the differential hemoglobin gene
expression in neotenic and terrestrial adult tiger
salamanders. We used qRT-PCR to identify relative
transcription levels of globin genes in the two adult
forms. Additionally, we characterized these changes in
the context of the hemoglobin’s blood-O2 affinity using
functional analyses at different levels of oxygen
saturation and environmental conditions. Finally, using
computer-based molecular modeling, we generated
models of these globins from their primary structure
and predicted potential stabilizing interactions in these
structures using bioinformatics techniques. These
results will provide further insight into the expression of
these genes as well as further characterization of this
salamander’s neoteny.

INCREASING THE SPEED OF SOUND IN
GELATIN-BASED PHANTOMS BY THE
ADDITION OF N-PROPANOL
Matt Homstad and Anthony Gerig (Advisor)
Department of Chemistry and Physics
Viterbo University, La Crosse, WI
Ultrasound is a key imaging modality in the medical
field mainly because it is a noninvasive procedure and it
produces a real-time image. Phantoms, tissuemimicking materials, are used not only to calibrate
ultrasound machines, but are also used to mimic tissue
in research. In this experiment, n-propanol was added to
gelatin-based phantoms in order to increase the speed of
sound closer to that of human tissue, which has an
average speed of sound of 1561 m/s, in order to better
mimic human tissue. Ten-percent gelatin phantoms
were made with increasing percentages of n-propanol
and the speed of sound of each phantom was measured
using 5 MHz transducers with a substitution technique
at 17 degrees Celsius. This study found that the speed
of sound increases from about 1525 m/s to about 1660
m/s with n-propanol concentration from zero to fifteen

PHYSICS
ULTRASONIC BACKSCATTER COEFFICIENT
MEASUREMENTS FOR TISSUE-MIMICKING
PHANTOM
Rehman S. Eon and Anthony Gerig (Advisor)
Department of Chemistry and Physics
Viterbo University, La Crosse, WI
Estimating scatter size using ultrasonic backscatter
coefficient (BSC) measurements can be used to
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percent concentration. The speed of sound was found to
remain constant from fifteen to twenty percent npropanol concentration. Future studies could look at the
effect of n-propanol on bacterial growth and the
longevity of the gelatin phantoms, as well as conducting
additional studies to determine if saturation was
reached.

particles produced by neutrino interactions and uses
large (eight-inch diameter) photomultiplier tubes
(PMTs) to detect liquid argon scintillation light.
Magnetic fields, even those as small as those from the
Earth, can adversely affect the performance of these
tubes. The location of the PMTs inside the liquid argon
cryostat poses the additional challenge of shielding
within a cryogenic environment. This presentation
discusses procedures developed and carried out using a
cryogenic test stand at Fermilab. Results from these
tests demonstrate the effectiveness of shields
manufactured from a cryogenic magnetic material in
greatly reducing the impact of geomagnetic fields on
PMT operation.

DESIGN OF ULTRA-LOW NOISE COAXIAL
CABLE IN CRYOGENIC SETUP
Christopher Phenicie and Vuk Mandic (Advisor)
Department of Physics and Astrophysics
University of Minnesota, Minneapolis, MN
The Cryogenic Dark Matter Search (CDMS)
experiment's detector is a crystal at 50mK that measures
energy deposits from incoming particles. In order to be
able to probe low energies, its setup is low temperature
and low noise. This poses significant challenges for the
charge readout circuit, which depends on a JFET
amplifier running at 150K. All cables need to be coaxial
to eliminate interference from other electronics, but this
makes the gate of the JFET highly susceptible to
microphonic noise. To avoid this, CDMS uses a
vacuum dielectric for the coaxial cables. This requires
rigid copper shielding, which necessitates a bulky
copper “tower” with temperature stages to get the signal
from the detector to the JFET. If this rigid vacuum
coaxial cable could be replaced with a flexible one, the
tower could be eliminated, saving hours of installation
time and making it more feasible to scale the
experiment. Here we show that employment of
graphite-based paint between the insulator and
conductor of the coaxial cable reduces this
susceptibility to microphonic noise acceptably close to
the susceptibility of the vacuum cable. This is a
continuation of the work by D. Strandberg to replace
the vacuum coaxial cable at the University of
Minnesota with a flexible version. Success in this
would lead into replacing the tower at the University of
Minnesota, and eventually presenting the results to the
CDMS collaboration. Since the technology does not
already exist, these findings would also be useful to
increasingly common experiments operating under
similarly restrictive environments.

SIGNAL ENHANCEMENT IN THE
ELECTROCARDIOGRAM AND THE STUDY OF
CARDIAC ACTIVITY CHANGES IN RESPONSE
TO STRESS IN ZEBRAFISH (Danio rerio)
Loza F. Tadesse1, Ananda Shastri (Advisor)1, and Brian
Wisenden (Advisor)2
Department of Physics1, Department of Biosciences2
Minnesota State University Moorhead, Moorhead, MN
In the last decade the zebrafish (Danio rerio) has
become a major model organism for various
cardiovascular researches. ECG reading is one of the
vital mechanisms used to assess changes in their cardiac
activity. The purpose of this research is to enhance the
in-house ECG machine and develop a less invasive
mechanism to study cardiac response in stressed zebra
fish. Filters were added to the current ECG equipment
in order to reduce the noise level. Several trials on
human subjects were made by placing the electrodes on
hands. While working with the fish, the electrode
probes were placed in a small container filled with
water. The first recording was taken with the fish
swimming inside. A second recording was taken
without the fish.The resulting signals were computed to
isolate the signals from the fish ECG. The use of a
faraday cage was also attempted, whereby the fish
inside the container was placed in a metal box. So far, it
was found that the addition of filters further enhanced
the required signals. Furthermore, various factors that
influence the process were identified such as the motion
of the water, the presence of an investigator, and the
type of container.

MAGNETIC SHIELDING TESTS FOR
MICROBOONE PHOTOMULTIPLIER TUBES IN
A CRYOGENIC ENVIRONMENT
Evan R. Shockley and Paul J. Nienaber (Advisor)
Department of Physics
St. Mary’s University of Minnesota, Winona, MN
The MicroBooNE detector, a liquid argon time
projection chamber (LArTPC) positioned in the Booster
Neutrino Beam (BNB) line at Fermilab, tracks charged
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Pressures to achieve the ideal body may be believed to
occur with restrictive eating alone rather than with
consuming healthy foods. Restrictive eating was
positively associated with pressures to be thin and could
have been influenced through the media’s perception of
a petite ideal body.

SOCIAL SCIENCES
THE AFFECTS OF YOGA AND MEDITATION
ON CHILDREN
Eden R. Brierly and Tiffany Thomas (Advisor)
Department of Psychology
Des Moines Area Community College, Newton, IA

PLEADING FOR FREEDOM: A FIFTY STATE
ANALYSIS
Mohsina Mandil and Dr. Laurie Linhart (Advisor)
Department of Sociology
Des Moines Area Community College, Ankeny, IA

This honors project poster for Developmental
Psychology, a social science course, includes the
exploration of how yoga and meditation affect children.
The benefits yoga and meditation have on the
development of children was thoroughly researched in
order to display the results of what was found. The
physical, cognitive, and emotional developments of
children are aspects that were explored. The effects
yoga has on the self-concept, gross motor skills,
temperament, and emotional regulation is looked into
regarding middle childhood and toddlers.

Previous examination on the subject of executive
clemency has focused on specific extraordinary cases,
usually on the federal level, or explored one state in
isolation focusing on pardons rather than commutation.
This poster attempts to display the contributing
variables involved in executive commutation across the
country. A major objective of this study is to compare
and contrast laws and procedures. My empirical
analysis used document analysis via the grounded
theory method. The outcome of the analysis identified
three main contributing factors to successful executive
commutation
cases:
the
offender’s
conduct,
justification, and health.

PRESSURES TO BE THIN: HOW PRESSURES
FROM FRIENDS, FAMILY, AND THE MEDIA
INFLUENCE HEALTH BEHAVIORS
Christina M. Embke, Claire E. Bradley, and Amanda
M. Brouwer (Advisor)
Department of Psychology
Winona State University, Winona, MN

WHAT MAKES A GOOD ENGINEER?
Caren Mason and James Hennager (Advisor)
Department of Social Sciences.
Des Moines Area Community College, Boone, IA

Pressures for an ideal body image influence body
dissatisfaction and disordered eating behaviors.
However, further research is needed to understand how
such pressure affects health behaviors. Therefore, we
explored how pressures to be thin influenced healthy
behaviors such as healthy food consumption, physical
activity levels, and less restrictive eating. We
hypothesized a negative correlation between pressures
to be thin and physical activity and healthy eating and a
positive correlation between restrictive eating and
pressures to be thin. Forty-six college women
(Mage=20.61, SD=3.71) completed a survey with
demographics, physical activity level, healthy-eater
identity, media pressures, and restrictive-eating
questions.
Food-frequency
questionnaires
were
completed to assess eating behaviors for 4 days.
Pearson’s correlations and Spean’s rho were computed
to assess relationships among variables. We found a
moderate and negative relationship between friend
pressure and physical activity and a positive correlation
between restrictive eating patterns and friend pressure
to be thin. Results partially supported the hypotheses.
Unexpectedly, activity levels decreased as pressures
from friends increased. Encouragement from friends
may have led to decreases in activity levels as a way to
avoid increasing muscle mass. Furthermore, healthy
eating and media pressure were not correlated.

For this project, I wanted to talk with some professors
and professionals to see what they thought were
qualities that a person should possess to be a good
engineer. It stood out to me that most engineers I have
come across possess a lot of the same qualities, such as
excelling in math and science or working well under
stress. My whole purpose for this project was to end up
creating a questionnaire for students who are trying to
decide what they want to do as a profession and decide
if engineering might be for them. Even further out from
students deciding their futures, I wanted to help the
engineering field by giving it more people who would
make a better fit rather than by having a lot of people
come in who probably won’t stay. This project also
helped me by showing that asking anyone who would
answer my survey was not helpful because most people
do not understand engineering the way professionals
and professors do. For my actual project, I handed out
the survey, compiled my results, wrote a compare-andcontrast paper, and then made a video explaining my
project, my intents, and talking about what exactly
makes a good engineer. The video’s purpose was to
reach a larger audience in a shorter amount of time than
the paper or survey might.
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ORGANIZING FOR JUSTICE: THE CRITICAL
CONSTRUCTIVIST APPROACH TO
REPRODUCTIVE JUSTICE
Omolayo Ogunnowo, Elaine Lossing, KariAnn Uecker,
Natasha Theissen, and Laura Harrison (Advisor)
Department of Gender and Woman’s Studies
Minnesota State University – Mankato, Mankato, MN

RELATIONSHIPS BETWEEN PARENTAL
DEPRESSION AND INFANT COGNITION
Kate Senich and Kathleen M. Thomas (Advisor)
Institute of Child Development
University of Minnesota, Twin Cities
Since parental depression is extremely common, studies
examining its effect on children’s development have
grown in importance. This study reports associations
between parental depression and infant performance on
executive function (EF) tasks. EF skills include higherlevel aspects of cognition such as inhibitory control,
working memory, and attention, which rely on the
brain’s prefrontal cortex. At 9 months old, infants
completed a series of EF tasks including an A-not-B
task (measuring inhibitory control and working
memory; Radloff, 1977), a free-play task (observing
how infants selectively attend to toys; Ruff 1984, 1986),
and the Bayley-III Screening Test (an infant
intelligence measure; Bayley, 2006). Parental
depression was assessed using the Center for
Epidemiologic Studies Depression Scale (Radloff,
1977) and the Perceived Stress Scale (Cohen, Kamarck,
and Mermelstein, 1983). Higher levels of parental
depression and perceived stress were correlated with
poorer infant performance on the A-not-B task and with
lower levels of social referencing by infants during free
play. However, parental depression was unrelated to
infant IQ scores. This research suggests that parental
depression can have a major impact on infant cognition,
perhaps especially on skills depending on the prefrontal
cortex. The long-term goal of this study is to investigate
EF development in full-term and late-preterm infants,
and to determine whether parental depression is an
additional risk factor for atypical cognitive development
in preterm children. Due to high rates of both
depression and preterm birth in the United States, these
results argue for increased parental mental health
screening and early intervention services.

Women’s reproductive capacities have always played
an important role in society. This has given rise to
women being the sole bearers for the continuation of
life. As such, the reproductive ability of women has
continued to be viewed with critical eyes. Historically,
good motherhood has meant never to terminate
pregnancy, since it holds the potential of life. Herein
lays the issue of what Nancy Ehrenreich calls the
Liberal Individualist approach to reproductive rights,
which indicates that there should be a noninterventional role of government. This approach
indicates that a woman is an individual, rational agent
with a constitutional protected right to privacy. On the
other hand, Ehrenreich notes that the Critical
Constructivist approach takes into consideration that
choices are not merely individual, but socially
constructed. This project was conducted to familiarize
individuals with the concept of reproductive justice.
The Pro-Choice Public Education Project (PEP) website
was selected for its organizational structure and mission
towards contributing to reproductive justice. This
website was further analyzed to inquire if it fits into the
framework of either Liberal Individualist or Critical
Constructivist approaches to reproductive rights/justice.
Based on its holistic nature of addressing issues of
reproductive justice, we found that the framework of
Pro-Choice PEP fits the Critical Constructivist model.
As a result, this project contributes to our existing
knowledge of reproductive justice and offers
explanations of the Critical Constructivist approach.
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